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The quickening pace of technology is producing many changes in 
industry. For one thing, the time lapse between scientific discovery 
and practical application is becoming ever shorter. This has generated 
a tremendous emphasis on research, to maintain the flow of scientific 
knowledge needed for today’s technology. Now, with the new demands 
for space travel, research is coming in for an even greater share of 
attention. 

All this is well and good. But there’s more to the problem than 
producing new scientific knowledge. If we are in an era when scientific 
breakthroughs are to occur with increasing frequency, then we must 
also be prepared to use the information research makes available. In 
short, manufacturing facilities must keep pace. 

Much effort is being concentrated on improving manufacturing 
facilities, and general plant efficiency. Machines, and even entire 
processes, are being made automatic. But more needs to be done. A 
survey indicates that, electrically, most plants are not even geared to 
today’s needs, let alone prepared to handle tomorrow’s loads. According 
to a survey of 550 major industrial plants: 

100 percent had inadequate main-transformer capacity for the 
loads needed based on ten-year growth. 

52 percent had low incoming voltage. 

85 percent had inadequate main-breaker capacity. 

94 percent had no automatic load-ratio control. 

89 percent had no main substation bus protection. 

94 percent had no 277-volt lighting. 

If electric power were declining in use, this might not be a particu- 
larly disturbing set of circumstances. But with the industrial use of 
electric power growing at a rapid rate, these are statistics that should 
cause some reflection. 

The continuing rapid advances of science and technology—while 
they are but one factor involved—will have a tremendous impact on 
this condition unless something is done immediately to correct it. The 
whole situation is somewhat akin to the missile race; it’s a lot easier 
to keep ahead than it is to catch up once you’ve fallen behind. If the 
electrical capabilities of manufacturing plants are already behind 
present needs, the situation needs attention now. Otherwise catching 
up to tomorrow’s requirements may be an extremely difficult and 
costly procedure. 

A. C. MONTEITH 
Vice President 
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View of the dispatcher’s office of the 
West Penn Electric System, showing the 
economic dispatch computer. 


* The EDC—economic dispatch computer—is an electronic 
device for determining the most efficient loading of generating 
stations, to produce the lowest delivered power cost to electric 
utility customers. Its use on a large utility system has demon- 
strated savings in system operation of thousands of dollars 
monthly. To understand how this comes about, the following 
points should be considered: (1) the meaning of economic 
dispatch, (2) economic dispatch computer operation, (3) the 
power system on which the computer is used, and (4) the 
results that have been achieved. 


: —e . 
what 1s economic dispatch’ 


Economic dispatch differs from normal dispatch in that the 
cost of transmission losses is included. Until the introduction 
of a new technique, which utilizes a transmission loss formula, 
most electric utilities loaded generators so that all were oper- 
ating at equal incremental bus-bar cost; little consideration 
was given to the system load pattern and cost of power de- 
livery from the generator to the load. 

A great deal of effort went into the development of a loss 
equation, from which system electrical transmission losses 
could be determined from the known power output of each 
generating station. This equation, or formula, is determined 
by utilizing an a-c network calculator to obtain basic system 
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Right—Floor plan of the dispatcher’s office. <> 






The Economic Dispatch Computer has lived up to the 
hopes of its designers. It has proved a useful operating 
tool to the system dispatcher, and resulted in substan- 


lial economies. 
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data, and a digital computer to reduce this data to the for- 
mula constants (see Box A). 

The incremental production cost, or bus-bar cost, at each 
generating station can be combined with the incremental 
transmission loss determined from the loss formula for that 
station to produce simultaneous equations called coordination 
equations. For n variable stations, there are m equations of the 


form: 

Sool Incremental Incremental 

: .:.... |+| Transmission | = | Delivered (1) 
Production ‘ee “ “all 
"yi Cost Power Cost 
Cost 

The delivered power cost is called in economic dis- 
patch equations, and transmission losses are charged at the 


rate. Therefore: 


Station 

Incremental 4+) orga pce: =), (2) 
Production Loss a 
Cost 


One of these coordination equations exists for each station 
on the system. 

Based on an analog method for solving these coordination 
equations, developed by Westinghouse engineers, the West 
Penn Electric Company entered into an agreement with 
Westinghouse to develop jointly a useful and adequate de- 
vice for day-to-day use in dispatching power. By providing 
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sufficient flexibility of controls and physical arrangement to 
meet the requirements of the West Penn Electric System, 
the resulting device should be suitable for the average electric 
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A—COORDINATION EQUATIONS 


The economic dispatch equation for the ith station 
in an n-station network can be written: 


= +n ooh (1) 
dP; OP; 
where P; is the power output of the ith station, dF /dP; 
is the incremental production cost for station i, 0L/dP; 
is the incremental transmission loss with respect to P;, 
and J is the incremental delivered power cost, and is 
the same for each of the m equations for the system. 
Transmission loss can be expressed in terms of the 


power stations as: 
L=By,P?+ BoP? +....4+2ByP:P2+2Bi3PiP3+...(2) 


where L is total system loss, P; is power output of sta- 
tion 1, and the B constants are a measure of the self 
and mutual resistance between the various generating 
stations and the equivalent load pattern of the system. 
All are determined, from the transmission network in- 
volved, by the network calculator and digital computer. 
Since the incremental losses are needed for the eco- 
nomic dispatch equation (1), the first partial derivative 
of equation (2) is taken with respect to each station 
power, yielding incremental transmission loss equations 
for each station of the m-station network of the form: 


0 
0 


for station 7. 


5 =2P Birt 2P.Bot...+2P But. +2P.Bi (3) 


These incremental transmission loss formulas sub- 
stituted in the coordination equations for each station 
(1), form the system coordination equations that the 
computer solves: 


tN QP But 2P2Birt...+-2PiBit.+2P,Bi) * 


for station i. (4) 


utility system in the United States. 


the economic dispatch computer 


MAY, 


Given the station costs, loss-formula coefficients (B con- 
stants), and desired total generation, the computer adjusts 
itself to show most economic dispatch for each of the system 
stations. Briefly, a computer element for each generating 
station represents each of the groups of terms in equation 
(2) by voltages, which are applied to an electronic amplifier. 
The amplifier output is proportional to the algebraic sum of 
these voltages, and produces a voltage that drives a small 
servomotor, whose shaft position is proportional to the power 
of the generating station. The voltages needed by the equa- 
tions are generated by potentiometers mounted on the servo- 
motor shaft. When the algebraic sum of the voltages to the 
amplifier is zero the motor stops, the equation is satisfied, and 
the unit is in economic dispatch (see Box B). Since shaft 
rotation is proportional to the power output for each generat- 
ing station when it is in economic dispatch, this power is 
indicated by a pointer attached to the shaft. The station- 
representing computer element with amplifier, servomecha- 
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B—COMPUTER SOLUTION OF 
COORDINATION EQUATIONS 
The computer solution of the coordination equations 
can be shown by considering a system consisting of two 
generating stations. The equations to be solved are: 


d 

“p +20 P1Byi4+2AP2Bi2.=A 1) 
1 

dF 

dP. +2) PB: +2d P2 Bos =X 2) 

Pit P.= Pr i 


where P; and P, are the station generations and Py is 
the total system generation. 

A simplified computer diagram for such a system is 
shown below. Each station power generation is repre- 
sented by the shaft position of a servomechanism. The 
potentiometer nearest the servomotor on each of the 
station servomechanisms provides a voltage that rep- 
resents the nonlinear incremental production cost dF/dP 
for that station. The other three potentiometers on the 
station servomechanism shafts are linear. One provides 
a voltage that represents station power P. The other 
two potentiometers are connected to variable voltages 
representing +A, and provide voltages representing 
+\AP for that station. Both polarities are necessary 
since negative mutual B coefficients are possible. The 
B-coefficient potentiometers, a two-by-two array in 
this case, are set to provide voltages at their sliders 
representing the incremental transmission cost terms 
of equations (1) and (2). 

The total generation is indicated by a power-metering 
servomechanism, which in the actual computer can 
meter power at any point on the system as well as total 
system generation. Changes in P; and Pz» are brought 
about by changing X. Thus the control of X is essentially 
control of total generation. 

In the computer for the West Penn Electric system, 
the sum of generating points plus tie-line points and 
spares is 20, each represented by a servomotor unit; the 
+ AP voltages from each station servo are connected 
to 20 potentiometers (instead of two shown below) for 
setting in 20 different B coefficients. Each of the other 
20 station units or units representing tie lines is like- 
wise connected to 20 potentiometers, giving a total of 
400 potentiometers to represent the loss characteristics 
of the system. The output of each potentiometer is a 
positive or negative constant multiplied by the AP for 
the individual station; each quantity is directed to the 
input of the appropriate amplifier representing the 
desired station. 


E rt 
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Simplified schematic diagram for a two-station eco- 
nomic dispatch computer. 
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Each generating station on 
the electric utility system is 
represented in the EDC by 
one of these station servo 
units (photograph). The 
basic components of the 
servo unit are shown in the 
simplified diagram. 


Left— View of front panel of 
station servo unit. Station 
power indicated between 
the upper and lower me- 
chanical stops. The cost- 
factor dial inserts a multi- 
plier on any of the cost 
curves selected by the lower 
switch. Right—B-coefficient 
potentiometers are mount- 
ed on printed-circuit card. 


The nonlinear cost curve of 
a generating station is rep- 
resented in the computer 
by a potentiometer with ten 
taps (see top), and external 
resistors, which are mount- 
ed on laminated plastic 
cards. The cost-curve switch 
connects the ten taps to any 
of five groups of resistors, so 
that any one of five station 
cost curves can be selected. 


Westinghouse ENGINEER 


68 











MAY, 1958 





nism, and potentiometers inside is shown on facing page. 
The resistors that control the incremental generating station 
cost curves are mounted on removable printed-circuit cards 
in the top of the unit, where they can be easily removed and 
a new set inserted. Any of five cost curves can be selected by 
a switch on the front of the panel. The pointer, which indi- 
cates station power, is on the front panel and is free to move 
between adjustable upper and lower limits, set by two arms 
and knobs on the front dial. A knob on the front panel inserts 
a multiplier into the unit’s production costs to take care of 
variations in fuel prices and unit efficiencies. 
West Penn Electric System 

The West Penn Electric System is composed of three 
principal operating companies: West Penn Power Company, 
Monongahela Power Company, and The Potomac Edison 
Company. A simplified diagram of the system with the major 
generating stations is shown on p. 70. The system is relatively 
widespread and has a wide range of fuel costs. Because the 
system has grown gradually over a long period of years, it 
has many combinations and vintages of generating units. 
One station has steam headers, a topping turbine, and both 
high- and low-pressure boilers; this presents combinations 
with costs so interrelated that they cannot be easily expressed 
separately. Yet the costs vary with particular combinations 
of units running in this group. Some stations generate non- 
incrementally for area protection for a time, and later may 
be operated at their economical output. These situations are 
usual in most growing power companies and were recognized 
in the design of the dispatch computer. 


Table I—Characteristics of West Penn Electric System 
Area 29 000 square miles 
Peak load About 1500 mw 
Miles of transmission About 1650 miles 
Transmission voltage 132 kv and 66 kv 
Number of steam stations 11 (major) 
Range in size 39 mw to 457 mw 
Hydro station size 52 mw (1 station) 
Fuel cost range 12 cents to 28 cents per mbtu 


physical design 


The EDC is installed at the System Dispatching Center in 
Charleroi, Pa., where the dispatching of generating stations 
for all three operating companies is done. System communi- 
cations are available so that the dispatcher can contact each 
generating station for load changes indicated by the computer. 

Because the computer is so closely tied to the work of the 
system dispatcher, its external design and arrangement were 
dictated by his operating needs and the dispatching office 
layout. The computer is located in the center of operations in 
the dispatching office. The left-hand cabinet contains all the 
computer controls, conveniently located for the dispatcher. 
This cabinet gives the dispatcher all of the information he 
needs to properly dispatch the system most economically. 
The desk section in front of the dispatcher contains equip- 
ment that does not need frequent adjustment and also serves 
as the dispatcher’s desk, complete with telephone for com- 
munication with all parts of the power system. Equipment 
height was kept low so that the dispatcher can observe the 
recorder charts, which are to his left and in front of him. 

Consideration was given to obtaining the best shape for 
the cabinets. The 42-degree slope on the front of the left-hand 
cabinet was chosen to give the greatest visibility to all dials 








and controls whether the operator is seated or standing. A 
similar sloping-front cabinet has been installed to the right 
of the dispatcher to house master load-control equipment. The 
U shape places all of the equipment within easy reach of the 
system dispatcher, as required for best operation. 


typical day at the dispatching office 


To understand computer operation, consider a typical day 
at the Charleroi dispatching center. 

As the dispatcher takes over from the previous shift, he 
notes the power indicated on each of the station servos, and 
the positions of their maximum and minimum limits. At 
a glance he gets the complete picture of system generation. 

If system load increases, the dispatcher knows it by observ- 
ing three things: the totalizing meter, the tie-line flow, and 
the load on those stations selected to hold the ties at a pre- 
determined value. When he notes these three indications, he 
turns a knob on the computer until the total power repre- 
sented is equal to the total power on the system. This knob 
raises system \, and causes all generators that are not already 
at their upper limit to increase generation. The total amount 
of the new power is read on the total-power meter of the com- 
puter. As soon as it has come to rest at the new required 
value, the dispatcher reads off exactly how much power 
should be dispatched from each station. He calls up each 
affected station and gives the new power setting. He then 
resets the index pointers on the units that changed to show 
the power at which he last dispatched each of the generating 
stations. This change returns the ties to their predetermined 
value and brings the regulating stations in range. 

Suppose that later in the morning, the dispatcher is in- 
formed by telephone that one of the stations is removing a 
unit from service temporarily, and will have to reduce load. 
The dispatcher adjusts the upper limit on that station’s com- 
puter element to the maximum load permitted; the variable 
stations remaining on the computer absorb the additional 
output needed to maintain the required total, and the dis- 
patcher changes the amount of power on the variable units 
by calling the stations involved. 

At fifteen minutes before the hour, the usual time for 
arranging interchange with neighboring utilities, the system 
dispatcher receives a call from his counterpart in the adjoin- 
ing utility system. This system may, for example, have for 
the coming hour 20 megawatts of power available, with a cost 
at the tie of 2.0 mills per kwhr. The West Penn dispatcher 
turns to the economic dispatch computer and operates the 
pushbuttons that connect the tie line to this utility company 
to the cost meter of the computer. The cost meter then 
reads how much power is worth at the tie under the present 
condition of interchange and finds that it is 3.0 mills. He 
then sets the tie-line power at 20 megawatts being taken into 
the West Penn system and readjusts the total power control 
so that the total system load is kept constant. This, of course, 
means that 20 megawatts is dropped from the generators in 
the West Penn system. The worth of power at the interchange 
point is again read and this time reads 2.8 mills. This means 
that the average worth of power for the entire 20-megawatt 
increment is 2.9 mills. This information enables the dispatcher 
to say that he will buy the 20 megawatts, and by “‘split- 
savings” agreement, power will be paid for at a rate half 
way between the two rates, or 2.45 mills per kwhr. 

This transaction benefits both companies, and represents 
one of the major uses of the economic dispatch computer. 
Any of the other possible tie-line transactions can be ac- 
complished by the aid of the computer. For instance, if the 
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Simplified diagram of the West Penn Electric System shows the 
major generating stations represented on EDC. 


worth of power at the tie point is below the worth to the 
neighboring utility, the dispatcher can sell power, using the 
computer to determine the selling price. If the dispatcher 
expects a load increase on his system during the coming hour, 
he can adjust the computer accordingly, since this will un- 
doubtedly affect the worth of power at the tie point. 

If the increasing load on the West Penn system requires 
that another generator be put on at one of the stations, the 
dispatcher changes the cost curve in the computer station 
unit and increases the upper limit to take into account the 
additional capacity and its incremental cost relationship. This 
change causes a readjustment in the load carried at that plant 
and in the other variable plants on the system. As the total 
system load increases, the dispatcher increases the total load 
on the computer and some of the lower-cost stations will come 
up to their maximum stops and remain at that point; the 
higher-cost stations will come off their minimum limits only 
when the delivered power cost required to achieve the required 
system total load becomes high enough. 

At various times throughout the year new fuel costs are 
computed to take into account seasonal and district changes 
in fuel price, and any changes in plant efficiency by reason of 
change in cooling water temperature, etc. To set the new fuel 
prices in the computer, the dispatcher changes the fuel cost 
factor dial at the bottom left of each of the station servo 
drawers. For example, if the price of fuel increases 2 percent 
at a given station, the dispatcher changes the dial from a 
setting of 0.97 to 0.99. He can verify this change by setting 
the servo representing the computer on a certain power and 
noting the incremental production cost on the power meter. 
Two power-cost check points are used to check the cost curve. 
The fuel-cost multiplier dial is then locked in position so that 
it cannot be inadvertently turned until another change in 
fuel price occurs. 


economic use of hydro power 

The hydro station on the West Penn Electric system can be 
handled on the economic dispatch computer in several ways, 
depending on system conditions and the amount of water 
available. Because the hydro station can pick up or drop 
load quickly, it is often used in the load-frequency control 
system to keep the frequency and tie-line loadings to their 
scheduled values. In this case the dispatcher sets the com- 
puter element representing the hydro station at a value in 
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the middle of the band over which the unit is set to regulate. 

Another method of hydro-station operation is to use it in 
economic dispatch by assigning a value to its power. It is 
assigned a cost value that does not vary with power and can 
be adjusted by the cost-factor dial, the same as the cost of a 
steam station can be adjusted. This cost is set by experience 
at a value that will just use the available water in the time 
period, say one day. In this method of operation the hydro 
generators come on during times of high-cost operation, and 
go off during periods of low-cost operation as the cost varies 
during the day. If the water is not entirely used up the dis- 
patcher merely reduces the cost of hydro generation, which 
makes it come on earlier and stay on longer. This process 
dispatches the available amount of water in the most efficient 
fashion to reduce the total fuel input to the system. It is even 
possible to insert into the computer unit representing the 
hydro station, an actual cost curve, taking into account the 
variable hydraulic efficiency of the hydro station at different 
values of power input. 


what has the computer accomplished? 


The EDC has been in service at Charleroi for over a year, 
and has proven a reliable and valuable tool for the dispatchers. 
Electronic tube failures have been small; in fact, so small that 
a tube replacement program has not been necessary. Com- 
puter-forced outages for the first eight months of operation 
have averaged less than 0.7 percent, as shown in Table II. 

A detailed digital computer study has been made to evaluate 
the savings resulting from use of the EDC, as compared to 
system operation before its installation. These studies show 
that the computer is saving $30 000 per year under present 
operating conditions. The study also indicated that this saving 
can be increased if more generating units are equipped for 
load-frequency control. 

One of the principal uses referred to before is the exchange 
of economy energy with neighboring utilities through system 
tie-line connections. The value of interchange of power in 
any amount can be determined quickly to see if such power 
is economical for the system. Economy transactions have 
increased considerably since the EDC’s installation. The 
increased savings in tie transactions are conservatively es- 
timated at $20 000 per year, making the total savings of the 
computer $50 000 per year. 

Now that experience has been gained with the EDC in day- 
to-day dispatch, thought is being given to the automatization 
of the computer. If system load were to be telemetered into 
the computer, the computer could determine the proper sys- 
tem dispatch and automatically send the signals to the gen- 
erating stations involved. The operator would need only to set 
station limits, as brought about by local conditions, and 
determine the desirability of economy interchange. ® 


Table ti— Computer Outages—Percent of Total Time 
MONTH FORCED* ARRANGED* COMPOSITE 
February 0.7 1.1 1.8 
March 0.3 8.2 8.5 
April 12 8.9 10.1 
May 0.0 0.8 0.8 
June 0.4 0.5 0.9 
July 2.5 13 3.8 
August 0.2 0.6 0.8 
September 0.1 0.3 0.4 


*A forced outage results from equipment or tube failure; an arranged outage results 
from scheduled maintenance, time for changing constants, etc. 
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MEASURING 


RADIO 


INTERFERENCE 





* Radio and tv interference by lightning and other natural 
atmospheric conditions is a familiar nuisance. Yet literally 
hundreds of man-made devices are potentially a more frequent 
and troublesome source of interference. Most major power 
apparatus, home appliances, military electronic equipment — 
and even the radio and tv receivers themselves—are possible 
sources of interference. The fact that these devices so seldom 
are a nuisance is largely due to the care taken in design and 
manufacture of electrical equipment. 

In most cases radio-interference problems should be con- 
sidered in the early design stages of equipment. This results 
in better placement of components and simplification of fil- 
tering, if this is required. Also it permits development or use 
of radio-interference free, or low-level components. Early con- 
sideration also enables design of adequately shielded en- 
closures and leads, and use of low-impedance bonding of parts 
and covers. 


measurement of radio interference 


Radio interference is defined as any undesired electrical 
disturbance that interferes with the operation of electrical or 
electronic devices. Its measurement and evaluation is difficult, 
and the complications are not generally appreciated nor fully 
understood. Even the measurement of continuous-wave sig- 
nals is somewhat involved and time consuming. Radio-fre- 
quency signals covering a wide frequency range (broadband 
type) may be of impulse or random type, or combinations of 
these. Besides having the continuous-wave measurement 
problems, these frequencies also require instruments with spe- 
cial detectors and overall performance characteristics to eval- 
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uate the interference effects of complex wave forms, which 
occur as short pulses varying in amplitude and repetition rate. 

In the days when measurements were made only in the 
broadcast-frequency band, a single reading with an inter- 
ference-weighting (quasi-peak) detector circuit was taken. 
The response of this detector circuit was based upon listening 
tests using several types of interference inserted into sound 
broadcasting signals, and a meter indicated the degree of the 
interference, i.e. the amount of annoyance to the listener. 
Sine-wave signal generators were used to calibrate radio- 
interference meters. Because of the several meter design fac- 
tors affecting quasi-peak detector response, supplemental 
calibration with defined pulses at several different repetition 
rates is essential. 

Later, radio-interference instruments were built with aver- 
age, quasi-peak, and peak detectors to obtain more informa- 
tion about interference. With the peak detector, measurement 
of low repetition rate pulses is possible, as low as one pulse 
per minute or less. Readings can also be stated on a per unit 
spectrum basis. A substitution method of measurement with a 
peak detector, using a pulse generator as the measurement 
standard, is applied to an available instrument. 

Because of the many forms of interfering signals—pulses of 
various repetition rates, varying amplitude, and continuous 
fluctuation—encountered in practice, the effect of any par- 
ticular form on television or other sensitive electrical devices 
may be difficult to determine from instrument readings. Past 
experience is often the best guide. Even subjective assessment 
of aural or visual signals with noise is not exact because of 
differences in listener’s opinions. 
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Above, some shielded enclosures for testing radio inter- 
ference have an opening in the ceiling with removable 
cover. Apparatus is lowered into place with a shop 
crane. The cover is replaced by the same means 

Below, measurements being taken in a shielded en- 
closure of this type 








A Westinghouse engineer tests a generator for radio 
interference. The driving motor is outside the shielded 
enclosure, connected to the generator by a connecting 
shaft in a metal duct (left) so that interference /from 
pal -Meeslehecl mel Maleha@ilaleiitlel-.+MilsMhaal-Masl--l1)lu-taal-ahe-e 











In this shielded enclosure, located near a manufactur- 
ing area, radio interference measurements can be made 
on large electrical apparatus without interference from 
sources external to the enclosure. 
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The above requirements, as well as cost of instruments and 
test facilities and the need for experienced technical personnel, 
are often discouraging to some apparatus manufacturers; how- 
ever, in the present state of the art, instrumentation and test 
requirements cannot be greatly simplified. 

Experience indicates that to obtain a measure of inter- 
ference control, both conducted (measurement of voltage on 
conductors associated with the apparatus) and radiated (meas- 
urement of electric or magnetic fields) disturbances must be 
considered. Measurements with an antenna are usually desig- 
nated as radiated, although in many cases the major portion 
of the response is due to induction fields. Both conducted and 
radiated measurements are not always necessary because the 
effect of one may be negligible to the application. 


measurements on low-voltage apparatus 


Measurements on low-voltage (below 600 volts) apparatus 
are considered separately from high-voltage apparatus due to 
differences in measurement methods. The conducted-voltage 
measurements at terminals are made using the radio-inter- 
ference instrument as a voltmeter, by connection through a 
capacitor to the device terminal. A line-impedance stabiliza- 
tion network is connected in each line lead so that a definite 
radio-frequency loading is maintained. Because of ambient 
disturbances in most manufacturing and electrical test areas, 
it is desirable but not always necessary to make conducted- 
voltage tests on machinery in a shielded enclosure. If the 
power-line leads are filtered on the load or power-supply side 
of the stabilization networks, conducted tests often can be 
made even to the lowest military specifications’ limits. 

A shielded enclosure or an open space with low ambient 
level is almost a necessity for radiated tests. Machine test 
areas in factories are unsuitable for military specification 
radiated tests. For machines that cannot be transferred from 
shop test area to a shielded enclosure, a portable shielded 
enclosure is assembled around the machine. Open space loca- 
tions 200 feet from buildings and away from lines, fences, etc., 
are suitable for radiation tests at short distances, up to 100 
feet. However, such locations have disadvantages due to 
weather and to time required to set up and transport equip- 
ment. Therefore, indoor facilities and test techniques equiva- 
lent to an open space are desirable and often necessary. 


measurements on high-voltage apparatus 


Most tests on high-voltage apparatus use the test circuit 
specified by NEMA*. The circuit used is shown below; note 
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the location of the 600-ohm resistance across which the radio- 
influence voltage is measured. This method is a conducted 
measurement for a limited frequency range of 0.54 to 1.6 
megacycles per second. Most measurements are made at one 
mc, since the NEMA standards for radio-influence limits 
specify this frequency. This method, although not as direct as 
a radiation test at the installation, is useful in the design of 
high-voltage apparatus to specified limits. It is quite sensitive 
and can be used to obtain, in some cases, the corona threshold 
voltage under low ambient conditions. This NEMA method 
has been used up to 400 kv rms to ground in laboratory test 
setups, and even higher test voltages are practical. All con- 
ductors, guard rings, insulators, and capacitors used to build 
this circuit should be free of corona at all test voltages. Con- 
ductors and guard rings used in the test setup require fre- 
quent polishing and cleaning to maintain them in a corona- 
free state. 

Although tests have been made in high-voltage laboratories 
with very little wall shielding, experience indicates that a 
shielded enclosure is definitely desirable; new high-voltage 
laboratories have galvanized-iron walls and all power supplies 
are filtered. 

For 60-cycle voltages up to 60 kv to ground, a copper 
mesh (No. 22) double-wall enclosure has also been used and 
found satisfactory. Some radio-interference test setups and 
equipment tested are shown at left. 


test facilities—shielded enclosures 


As mentioned, radiation tests in manufacturing and test 
areas require shielded enclosures to obtain the low ambient 
levels necessary to determine if equipment meets military 
radiation limits. 

Shielded enclosures are constructed in several different 
ways, such as: (1) solid copper single-wall and double-wall; 
(2) double-wall copper screening (No. 22); (3) double-wall 
copper screening (No. 8) (this enclosure was assembled for 
each test and was disassembled after test); and (4) solid-steel 
single wall (zinc coated). 

All these enclosures, when correctly installed, have proved 
satisfactory for measurements in the frequency range of 0.014 
mc to 1000 mc in and near Westinghouse manufacturing 
areas. The choice of wall material depends at times on the 
environment and its effect on life of enclosure, assembly at 
location, ease of moving to new location, mechanical design of 


*NEMA Bulletin No. 107, “Methods of Measuring Radio Noise, 194 
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The test setup for high-voltage apparatus is used for a frequency range from 0.54 to 1.6 megacycles 
per second. The radio-influence voltage is measured across a 600-ohm resistance. 










joints, ventilation, size of enclosure desired, and maintenance. 
It is important that the filters in the power-supply leads be 
specifically designed for shielded enclosures and that they 
be properly installed. 

For motor tests, loads that generate interference are un- 
suitable unless special precautions are taken. Therefore, oil 
pumps are used for motor loads up to 25 horsepower. With 
this type of load all equipment required for full-load tests is 
inside the shielded enclosure and the motor under test is the 
only interference source. 


military requirements and specifications 


Military specifications (Mil-I-16910 and Mil-I-6181) define 
radio interference essentially as follows: 

“Radio interference is defined as undesired conducted or 
radiated electrical disturbances, including transients, which 
interfere with the operation of communication or other elec- 
trical or electronic equipment.” 

To the military, radio interference is important mainly 
because of the low-weight, mobile equipment required, because 
of the great distances often involved in communication, and 
because devices that generate interference are in the same 
vehicle with communications equipment and other devices. 

The military services have provided much information to 
help control interference. They have made studies of trans- 
mitters, receivers, generators, instrumentation and measure- 
ment techniques, installations, and developed specifications 
and limits. 

Procedures in present specifications are not applicable to 
all types of equipment and there are difficulties in applying 
specifications to large equipment, such as airplanes, turbojet 
engines, large rotating machines, and mobile substations. 
Industry is now considering test procedures on large equip- 
ment to provide the military services with adequate inter- 
ference control. 


radiation measurements required by the FCC 

Because of FCC regulations that limit radiation from r-f 
heaters used for induction heating of metals and dielectric 
heating of plastics, radiation measurements must be made on 
heaters manufactured, and frequently on heaters installed 


Open test sites are used to measure interference effects from 
radio and tv receivers. Here an engineer measures radiation 
from a tv receiver. 
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for various manufacturing processes. Heaters must also be in- 
spected periodically and a log kept of these inspections. 

Before radiation measurements on a heater or group of 
heaters located in a plant are made, a map of the plant and 
surrounding area is ruled with 18 radials emanating from the 
heater location. Radiation readings are then taken around the 
plant at accessible points on the mapped radials. The FCC 
limit is 10 microvolts per meter at one mile for industrial 
r-f heaters and 15 microvolts per meter at 1000 feet for miscel- 
laneous equipment. (The limit in military specifications, be- 
cause of the close proximity of sources to receivers, is of this 
same order of magnitude at distances of only 1 to 5 feet.) 

To determine the radiation characteristics of high-fre- 
quency welding arc stabilizers and miscellaneous equipment, 
manufacturing tests are made in an open field. No simpler 
method has been devised that can be standard and give good 
results. In this case rotating the equipment and leads to ob- 
tain the radiation pattern is preferable to moving the radia- 
tion measuring instrument around the welder. 


radiation measurements on microwave equipment 


Because of proposed new rules, spurious radiation charac- 
teristics and data on radiation-measurement techniques have 
been obtained in the relatively new field of microwave com- 
munications equipment. This equipment was tested in the 
open field with the field-intensity meter antenna 10 feet from 
the transmitter cubicle and microwave antenna (100 feet away 
at the lower frequencies). Measurements were made over a 
frequency range of 0.014 mc to 7720 mc. The equipment was 
assembled on a turntable to facilitate measurement of the 
maximum radiation. Because of the difficulties in obtaining 
large-area open sites of low ambient level near manufacturing 
facilities, radiation tests should be made at not more than 100 
feet away and preferably at 10 feet, especially at frequencies 
above 1000 mc. 


radio and tv receivers 


The term interference brings to mind the effects on a radio 
or tv receiver. Actually a receiver in normal operation also 
generates signals that can escape and interfere with the opera- 
tion of other receivers. Present FCC rules* give radiated and 
conducted limits for receivers and require that measurements 
be made as a basis for receiver certification. Open-space test 
sites are used to make the measurements (see photo at left). 
Considerable instrumentation is required for these tests and 
means are necessary for the adjustment of the tv receiver and 
field strength meter antennas. 


conclusion 


Electrical (radio) interference, especially from and to mili- 
tary equipment, cannot and should not be ignored. The great 
expansion in the use of the frequency spectrum has increased 
the complexity and number of interference problems and 
actions of the FCC and the military services. 

The control and measurement of interference requires 
special techniques, which are not always appreciated nor al- 
ways fully understood. Although advances have been made in 
the radio-interference field, much more research and joint 
action by technical groups involved is needed to simplify 
instrumentation, test procedures, specifications, and control. 
As the methods of measurement and evaluation improve, so 
will the radio communications and electric and electronic 
environments improve with respect to interference. ® 


*FCC Rules, Part 15—TIncidental and Restricted Radiation Devices. 
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AN ENGINEERING PERSONALITY 


® The thoroughness and imagination with which Lee Kilgore 
tackles anything he does are illustrated by the fact that methods 
he developed for calculating synchronous machine constants 27 
years ago are still in use. His formula is a thorough grasp of the 
physical concepts involved, coupled with a practical mathe- 
matical analysis. In contrast, Kilgore always carries a six-inch 
slide rule for solving the preliminary design calculations neces- 
sary for a quick evaluation of a new problem. This points out 
characteristics that have stood Kilgore in good stead during his 
30-year career with Westinghouse—a creative imagination 
coupled with a realistic, common-sense approach. 

Kilgore got his first taste of engineering design between his 
junior and senior college years when he spent the summer in the 
relay department, where he designed and tested an experimental 
series-trip device. He found such design engineering to his lik- 
ing, and upon graduation from the University of Nebraska in 
1927 with a BSEE, returned to Westinghouse on the Graduate 
Student Training Program. After completing Design School, he 
was assigned to the power engineering department, and was soon 
at work heiping to design large turbine generators. Here, his 
gift for using physical concepts coupled with mathematical 
analysis was soon realized, and resulted in a number of technical 
papers concerning calculation of machine reactances, saturation 
effects, transient torques, and other machine parameters. He 
produced the design manual for large synchronous and induction 
machines that has been the designer’s “bible” since. The design 
calculations are presently being transposed into high-power 
computer programs. One notable accomplishment during this 
period was the electrical design for an 1800-rpm, 165 000-kw 
turbine generator, which for 18 years (1934-1952) was the largest 
in the industry. 

When the power rectifier section was formed as a part of the 
generator department in 1936, Kilgore transferred to this sec- 
tion, and helped with the first commercial application of ignitron 
rectifiers. 

In 1938, Kilgore was placed in charge of the large motor sec- 
tion, and soon was closely associated with wind-tunnel drives, an 
activity in which he has been interested ever since. Here, his 
thorough background in rotating machines enabled him to devise 
unique combinations of machine characteristics to accomplish 
difficult jobs. For example, he proposed a single 40 000-hp motor 
to drive the Wright Air Development Center wind tunnel, when 
it had been thought that seven motors would be needed for the 
job. The result was a new high in horsepower rating for a single- 
motor drive. During his wind-tunnel work, Kilgore became in- 
terested in aerodynamics; he developed on his own time a system 
for applying graphical field methods, usually associated with 
electrical machine design, to airflow problems. He even spent a 
week of his vacation at Wright Field applying the method. One 
result was a technical paper for the Institute of Aeronautical 
Science describing the method he developed. During the war 


MAY, 1958 


years, Kilgore also participated in developing and designing 
electric couplings and propulsion motors for marine use, and some 
very special motors for the first atomic plants. 

In 1946, Kilgore was made assistant manager of the a-c 
generator engineering department, which included large gener- 
ators, a-c motors, and rectifiers. Here, he enthusiastically sup 
ported the application of Thermalastic insulation, and promoted 
the inner-cooling principle. Although much of his time was now 
taken up with technical administration, he often contributed 
ideas and helped solve many problems 

Kilgore’s past experience with motors, generators, and rec 
tifiers got him into active participation in the design of the power 
supplies for two giant particle accelerators in 1949—the Cosmo 
tron for Brookhaven National Laboratory and the Bevatron for 
the University of California. He came up with the system that was 
accepted for supplying the tremendous surges of energy required. 

Kilgore was made Director of Engineering for the East Pitts 
burgh Divisions in 1954, and assigned the task of coordinating 
the engineering activities of the now nine engineering departments. 

Besides being an inventor and designer (with some 30 patents 
to his credit), Kilgore is also an educator. He taught in the 
Westinghouse Design School from 1928 to 1931, and from that 
time on, he has aided and guided the efforts of young engineers. 
He was associated with the University of Pittsburgh Graduate 
School, teaching a course in Advanced Machine Design, from 
1936 to 1949, and has continued to act as a thesis advisor for the 
University of Pittsburgh. 

Like most teachers, Kilgore also spends considerable time 
attending school. He earned an MS in EE from the University 
of Pittsburgh in 1929, and an EE degree from the University 
of Nebraska in 1934. In 1956, the University of Nebraska awarded 
him the honorary degree of Doctor of Engineering. When West- 
inghouse began participation in the Advanced Management 
Program at the Harvard Business School in 1950, Lee Kilgore 
was one of the first two chosen to attend. 

Kilgore’s particular interest in helping young engineers to 
realize their full potential and effectiveness has recently borne 
fruit along two new lines. The success of a series of seminars on 
the general subject of ‘Human Relations and Engineers” (he 
helped co-author an article on the subject in the July 1957 issue 
of the ENGINEER) were to a great extent due to the sincerity 
of Kilgore in wanting to help other engineers. He is presently 
working on a similar program to stimulate creative engineering. 

Perhaps Kilgore’s contributions can best be summarized by 
abstracting from the citation that accompanied the Westing- 
house Order of Merit in 1952, the Company’s highest award to 
an individual: “.. . ... proficiency in 
solving the difficult problems in applying electrical apparatus 
to unusual tasks ... taking part in .. . such new fields as high- 
powered wind tunnels and particle accelerators ... and un- 
stinting efforts in training young engineers ...”’ @ 
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» The capabilities and characteristics of the step-voltage 
regulator have been investigated, explored, and analyzed 
many times. Yet, a thorough quantitative explanation of the 
effects variations in characteristics have on regulator per- 
formance has always been considered a near impossible task. 
The application of modern analog-computer techniques now 
makes such analysis possible, thus providing valuable infor- 
mation needed for advancements in step-regulator design. 

Many variables are involved in a step regulator, such as 
time-delay settings, tap voltages on the autotransformer, and 
setting of the voltage-sensing relay; all have a profound 
effect on the ability of the regulator to hold a set voltage. 
These characteristics vary from one regulator design to 
another; the big question is what combination will give the 
best regulated voltage at the lowest possible cost. 

The variables have interrelated effects on regulator per- 
formance; the effect of any one characteristic is masked by 
the others. Therefore, it is improbable that any mathematical 
relationship can be derived explaining regulator performance 
as a function of these characteristics. Different combinations 
of regulator variables can be tested and overall voltage 


regulation observed for each case, but due to the numerous 
combinations involved, a complete laboratory analysis using 
test models is impractical. 

The general analog computer provides a unique solution 
to the problem by accurately simulating the step regulator, 
generating typical line-voltage fluctuations, introducing them 
to the simulated regulator, and graphically recording the re- 
sulting regulated voltage. Different regulator characteristics 
can be quickly tested for their effect on regulator performance 
simply by changing the corresponding parameters in the 
analog computer circuit. 

The result —a step toward an optimum regulator, the com- 
plete performance of which can be known even before test 
models are made. 


regulator considerations 

The step-voltage regulator is essentially a tapped auto- 
transformer with an automatically controlled mechanism for 
changing the taps. When load-voltage fluctuations become 
too large for safe operation of machinery and appliances, 
the voltage-sensing relay in the step regulator operates the 
tap-changer mechanism, restoring the load voltage to normal 
(Fig. 1). A time delay is placed between the voltage-sensing 
relay and the tap changer, preventing operation on momen- 
tary voltage dips. 
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Any deviation from the normal load voltage, either positive 
or negative, is called an error voltage. The perfect regulator 
would have zero error voltage; therefore, in the evaluation 
of regulator performance, the regulator with the smaller error 
voltage has the higher quality of regulation. 

Two types of error measurements prove useful in the 
analysis of voltage-regulator performance—maximum error 
and average error. Small values of maximum error indicate 
fast response of the regulator to sudden voltage changes, such 
as might occur from system switching or rapid load changes. 
A regulator that responds well to all types of voltage fluc- 
tuations produces small values of average error. 

Frequent tap-changer operations usually increase the qual- 
ity of voltage regulation, but also increase repair and main- 
tenance of the regulator. 

The bandwidth setting most directly affects the frequency 
of tap changes (Fig. 2). If the load voltage strays outside of 
the bandwidth, the voltage-sensing relay operates the reg- 
ulator. Thus while small bandwidths tend to increase the 
quality of regulation, the regulator must perform more fre- 
quent tap changes to maintain a constant voltage. 
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Fig. 2--Read out of computer 
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and integrated error (bottom) for regulators A and B 


Also influencing the effective bandwidth, and as a result 
the frequency of the tap-changer operation, is the time-delay 
setting. The time delay, by allowing voltage fluctuations of 
short duration to pass without regulator operation, effectively 
increases the regulator bandwidth. 


test considerations 

Simulation of Regulator—Two existing regulators (A and 
B) differing mainly in their control and tap-changer mecha- 
nisms have been simulated on the computer and compared for 
efficiency of operation and effectiveness of regulation. The 
time-delay and voltage-sensing devices of each regulator, 
being unique in operation, require different circuits for repre- 
sentation in the computer. Having simulated each regulator 
with a general circuit diagram, specifications of the regulator 
components can be varied by changing the analogous circuit 
parameters of the computer. Of special interest is the effect 
time-delay settings have on regulator performance. 

The control of regulator A consists of an induction disc 
voltage-regulating and time-delay relay having inverse time 
characteristics. With this control large voltage variations are 
corrected with shorter time delay than small voltage changes. 

The tap changer of regulator A is adjusted to change the 
output voltage by 114-volt steps at intervals of approximately 
one second if successive operations are required. 
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The control of regulator B is of the balance-beam type 
teamed with a reversing time delay. With this control, the 
time delay runs at synchronous speed whenever the voltage 
goes outside the set bandwidth. When the voltage goes back 
within the set bandwidth, the time delay reverses and returns 
to its neutral position. Time-delay settings of 15, 30, and 60 
seconds were selected. The tap changer of regulator B changes 
the voltage by 34-volt steps at intervals of approximately 
seven seconds if successive operations are required. 


simulation of voltage fluctuations 

For an accurate analysis of regulator performance the 
simulated regulators must be exposed to all types of voltage 
fluctuations normally encountered in actual operation. Essen- 
tially three types of line fluctuations exist in the field— 
sudden voltage changes, smooth trends, and high-frequency 
oscillations or hash voltages. Of course, various combinations 
of these may also be encountered. 

All of these voltage changes were generated by special in- 
tegrators and summers in the computer. Specifically, voltage 
trends of two and eight volts per hour, as might be encoun- 
tered in slow load additions, were applied to both regulators. 
In system switching and sudden load changes, line-voltage 
fluctuations seldom exceed four volts so the investigation was 
limited to this range. The regulators were also exposed to 
hash voltages as might be produced by the starting of welders, 
arc furnaces, and other high-current devices. Combinations 
of hash voltages and smooth trends of two and eight volts 
per hour were also generated. 

For each voltage condition the regulated voltage was re- 
corded graphically (Fig. 2), showing the maximum error of 
the regulated voltage and the number of tap-changer opera- 
tions required by the regulator. The integrated error of the 
operation is automatically calculated and graphed for the 
time duration of the test. The average error produced by 
the regulator is easily calculated by dividing the integrated 
error by the total elapsed time of the run. 


conclusions 

With both regulators, as simulated on the analog computer, 
set for a 2-volt bandwidth, regulator A, having inverse time 
delay, 114-volt steps and a one-second tap changer operation, 
limited maximum voltage error to 0.08 volts less than regu- 
lator B. Regulator A also held average voltage error 0.40 volts 
lower than regulator B, regulator B having a fixed time delay, 
34-volt steps and a seven-second tap changer operation. Be- 
cause the test was limited in scope, no specific relationship 
between regulator characteristics and performance could be 
established. However, regulator A, while using only half the 
tap-changer operations, limited all types of voltage changes 
to a smaller value than regulator B, except in sudden voltage 
changes where both regulators had the same maximum error 
(Figs. 3 and 4). The excellent performance of regulator A 
is attributable not just to one characteristic but to its par- 
ticular combination of components and their settings. Exten- 
sive tests are necessary to pin down the relationship between 
regulator variables such as size of tap steps and time-delay 
settings and overall regulator performance. 

The increased information made possible by the analog 
computer will be invaluable to the regulator design engineer. 
As soon as a regulator design is conceived, it can be repre- 
sented on the computer and performance evaluated before 
any units are manufactured. Such design and development 
data will eventually lead to levels of regulator performance 
not presently attainable. # 
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COMPUTER SIMULATION OF VOLTAGE REGULATOR 


The general-purpose analog computer used in this study in- 
cludes integrators, summers, potentiometers, and relays. These 
devices were used to simulate the operation of the voltage- 
regulating and time-delay relays. A special step-function gen- 
erator was constructed to simulate the tap-changer operation. 
Summers and integrators were also used to generate voltages 
of varying characteristics, which were applied to both simulated 
regulators. 

The integrating and summing functions of the analog com- 
puter are basically designed for the solution of differential equa- 
tions. A few illustrations will show how these computer com- 
ponents can be applied to represent a step-voltage regulator. 

The computer summer (1) produces an output proportional 
to the sum of its inputs. If Zs represents the source voltage 
supplied to a step regulator and Ep the series voltage added 
to the line by the regulator (Fig. 1), then the output of the 
summer is the negative of the regulator output voltage, Ex, 
the regulated voltage. Thus, the operation of the summer is 
analogous to that of a voltage regulator. 

The computer integrator (2) produces an output proportional 
to the time integral of its input. If Z is a constant input volt- 
age, the output is proportional to time. The integrator, a time- 
sensitive device, is the basis for the time-delay function of a 
voltage regulator. 

The relay amplifier (3) detects and reacts to the output 
voltages of the summer and integrator. If the sum of the in- 
puts £; plus £2 is negative, the plus contact of the amplifier 
will close, while the minus contact will close if the sum of F; 
and Ez is positive. 

Let E» be the voltage setting of the raise contact of a voltage- 
regulating relay (4). If Ey is less than HE», the summation £; 
plus EZ, is positive and the minus contact of the relay amplifier 
closes. If Ey, becomes greater than Es, the summation £; plus £2 
becomes negative, closing the plus contact of the relay amplifier. 
This combination of summer and relay amplifier represents the 
operation of a voltage-regulating relay. 

Since fEdt is proportional to time (5) it will take a certain 
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number of seconds for fEdi to become equal to E». At that 
time, as the summation £; plus E» changes from positive to 
negative, the minus contact will open and the plus contact will 
close. This system of a computer integrator and relay amplifier 
represents the operation of a time-delay relay, with time-delay 
adjustments made by changing the value of Eo. 

The type CVR voltage-regulating relay, employed in regulator 
A, requires a different approach for its representation. This relay 
is of the induction disc type, providing for both voltage-sensing 
and inverse-time delay in its operation. 

If @ represents the angular position of the induction disc at 
any instant, and £, represents the applied voltage, the forces 
acting on the disc are: A(E,)* the torque cue to applied voltage, 
—K@ the restraining torque of the spring, and —D d@/dt the 
damping due to the permanent magnet. .1, K, and D are con- 
stants of the relay. 

The sum of these torques equals the moment of inertia, /, 
times the acceleration of the disc, d*6/dt?. Neglecting friction the 
complete equation of the relay is: 

d@ A_.., KO Dd 
ap = 7 Pu)" — 7 


I I dt 
represented by the computer in (6). 

A special device was constructed to represent the tap changer, 
using transistor “flip-flop,” “delay” and “‘not”’ circuits (7). The 
square-wave output of the transistor circuits was integrated to 
give the series voltage, Er of (1). The voltage-sensing relay 
amplifiers for the upper and lower voltage regulating relay band 
settings control the starting and stopping of the flip-flop and 
the polarity of the integration. The integrator output is always 
the summation of the square waves that have been applied and 
so represents the amount of raise or lower being introduced into 
the circuit by the voltage regulator. 

The complete computer simulation of regulators A and B, 
shown in (8) and (9) is identical except that the CVR relay 
of regulator A incorporates both the time-delay and voltage 
sensing relay operation of regulator B. 
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... at work in the Steel Industry 


= The steel industry’s first automatic reversing roughing 
mill is in operation at Jones and Laughlin’s Aliquippa Works 
at Pittsburgh, Pennsylvania. The Prodac control system 
(programmed digital automatic control) completely eliminates 
human error from the operation, and relieves the operator 
from the heavy responsibilities of manual control. 

When a stack of punched cards is inserted in the IBM card 
reader, the mill operator is ready to start a sequence of rolling 
schedules. The punched card contains all information neces- 
sary to process an incoming slab, such as setting of edger 
opening, edger speed, mill opening, and mill speed. To roll 
the first schedule, the operator presses a schedule-advance 
button, which causes the first punched card to be read by the 
card reader and its information stored. When the operator 
pushes a pass-advance button, information applying to the 
first pass is used to set the separation and speeds of the hori- 
zontal and vertical rolls. The slab then enters the edger, Fig. 1. 
When the slab has passed beyond the slowdown hot-metal 











The IBM card reader transiates 
schedule information on punched 
cards into computer language. 
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detector at the left of the mill, the mill decelerates to limit 
the travel of the slab after it clears the rolls. As soon as the 
slab has cleared the rolls, a hot-metal detector, located be- 
tween the horizontal rolls, initiates a signal that stops the mill 
automatically. Simultaneously, information for the next pass 
is used to reset the edger and main roll separations, and to 
establish speeds and direction of rotation for the next pass. 
The mill is then automatically accelerated, and the slab enters 
the mill for the second pass. Similar operations take place, 
according to new settings, for each successive pass. Thus, 
the mill operation proceeds entirely automatically once the 
operator has initiated the operation by pressing the schedule- 
advance and pass-advance buttons. 

If the succeeding slabs are to be processed identically, the 
operator needs only to press the pass-advance button for each 
slab. If the schedule changes, the operator must press the 
schedule-advance button. Then the new schedule information 
will be read from the next punched card. Again, the operator 





The operator pushes but two buttons with Prodac control. The schedule-advance button 
stores card data in the Prodac memory; the pass-advance button turns the data over to Pro- 
dac decision-making equipment. This operation contrasts sharply with manual control. 
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needs only to press the pass-advance button to process each 
slab in the new schedule. If unusual conditions arise, the 
operator can operate the mill manually at any time. 

The system also provides for automatic control of scale- 
breaking edger and descaling sprays. The edger and its side 
guards automatically close after the last pass of the schedule 
so that they will be in proper position to break the scale on 
the next incoming slab. 

Edger descaling sprays are turned on automatically when- 
ever steel is in the scale breaker. Relays delay the turning on 
and off of the sprays, compensating for the distance between 
the scale-breaking edger and the sprays. 

Descaling sprays on the delivery side of the mill are turned 
on automatically on all even passes and stay on as long as 
steel is in the mill. 

Information applying to screwdown, the separation be- 
tween upper and lower rolls, is transferred from punched card 
into storage by the IBM card reader, Fig. 2. An analog signal 
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camera tube that utilizes a Alofaemissine licht-to-electrical 





The roughing reversing operation starts as the slab enters the vertical scale-breaking 
edger. High-pressure water removes the loose scale. The slab then is passed back and 
forth between the vertical and horizontal rolls until the desired thickness is obtained. 


ing mechanicm Tn the tywnical coantiniuansc-imagcing intencifier 


representing actual roll separation is transmitted from the 
mill to an analog-to-digital converter for conversion into 
digital form. When the operator presses the pass-advance 
button to initiate rolling operations, digital reference informa- 
tion for the desired roll separation is extracted from storage 
and supplied to the digital difference detector. At the same 
time, the signal corresponding to actual roll separation is 
passed to the same detector. Here a subtraction operation 
yields a resultant signal representing the difference between 
the actual and desired roll separation. This signal is then 
processed by the digital-to-analog converter to yield an analog 
signal for input to a magnetic amplifier. When output of this 
magnetic amplifier is supplied to a rotating regulator, an ad- 
justable-voltage drive adjusts the screws until roil separation 
is equal to that originally specified by the punched card. 
Similar processes for information storage and signal con- 
version, matching, and amplification are used to control mill 
speed, edger speed, and edger opening. ® 






supplies power to the 6000-hp twin-drive. 
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The motor room houses Prodac memory and 
decision-making equipment. M-g set (in front) 














* The science of light imaging is not young. Nearly 700 
years ago Roger Bacon magnified writing by holding a seg- 
ment of a glass sphere over the page of a book. Some 400 years 
later, Galileo used a self-improved telescope for peering, in 
his words, ‘with incredible delight,” at celestial objects. In 
recent years, radically new electronic imaging techniques have 
been introduced. These new imaging systems, which open 
broad new horizons of imaging possibilities, already have had 
a wide impact on our society. Perhaps the most apparent of 
these systems is television. Others of great social benefit are 
the recently introduced x-ray image-intensifier units, which 
are becoming increasingly useful in fluoroscopy and x-ray 
motion pictures. Electronic imaging methods have found 
wide use in the conversion of infrared images to light images 
for both military and industrial applications. Other important 
applications of electronic techniques are the electron and 
x-ray microscopes, which have proved to be of inestimable 
value in research, medicine, and in the development of indus- 
trial processes. Like other important socially useful tools, the 
development of image-intensifying systems has been catalyzed 
by definite commercial and military needs. 

An imaging system consists basically of a light-to-electrical 
transducing stage, an amplifying stage, and a final stage that 
converts the amplified electronic signal back to a set of light 
signals intelligible to the human eye. When the video image 
is to be transmitted to a remote location, a scanning stage 
must be introduced to analyze the video image, raster ele- 
ment by raster element, and convert it to an electrical signal 
capable of being transmitted. 


ELECTRONIC 
IMAGING 
AND 


INTENSIFICATION 


light-to-e lectrical transducers 


The two principal methods of converting light to electrical 
information are photoemissivity and photoconductivity. 

Basically, photoemission is a process in which the intrinsic 
energy associated with an individual photon (directly propor- 
tional to the frequency of the radiation) is used to impart to 
one of the many free electrons in the photoemissive film 
enough energy to permit it to escape from the surface. The 
minimum energy in electron volts that must be transmitted 
8? 





fluoroscopic screen placed at the same location, gains between 











to the electrons in a given surface film to permit them to 
escape from the surface is called the work function, and varies 
from surface to surface. Most practical photosurfaces have 
work functions between one and two electron volts. The 
typical response of a standard photosurface is shown in Fig. 1. 

A photoconductor is a thin semiconducting film of about 0.3 
mil, which in darkness has relatively high electrical resistance. 
This film becomes electrically conducting according to the 
intensity of the input light signal. The response of a repre- 
sentative photoconductive surface is shown in Fig. 2. The 
carriers of charge in the case of a photoconductor are the 
valence electrons, or their electrical equivalents of opposite 
charge, holes. The charge-carrying electrons are bound to the 
individual atoms and cannot be released unless they are 
supplied sufficient escape energy by the individual signal 
photons. Once released from their tie with the individual 
atoms comprising the transducing film, these electrons are 
available for conductivity purposes in the presence of an 
electric field. Thus, photoconductors are semiconductors 
which, under the influence of electric fields and with the 
assistance of light stimulation, can conduct electricity using 
either electrons, holes, or both as charge carriers. Electrical 
amplification of light signals is made possible by a high 
probability that the charge carrier will remain in the con- 
ducting state (that is, unbound to an atom) for a period of 
time longer than the average transit time of the individual 
charge carriers across the boundaries of the semiconductor. 

The highest efficiency attainable with a photosurface—100 
percent quantum efficiency—would be obtained if one elec- 


tron would leave the surface for every photon that enters the 
transducing stage. Most practical photosurfaces have quan- 
tum efficiencies between 5 and 20 percent. Because of this low 
efficiency, subsequent amplification is usually necessary with- 
in the imaging device. However, the photoconductive process, 
because of the inherent solid-state amplification effect, can 
produce more than one signal electron as a function of each 
incident photon. At normal light levels additional stages of 
amplification within a camera tube of the photoconducting 
type are not necessary, whereas they usually are required in a 
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incident on the surface. A net transfer of electrons from the 
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camera tube that utilizes a photoemissive light-to-electrical 
transducer. 

The usefulness of these two processes can be extended by 
additional stages; for example, an x-ray phosphor stage ad- 
jacent to one of the above stages permits translation of x-ray 
to electrical information, using an intermediate light stage. 

For ease in focusing the light image onto the first stage of 
the tube, most imaging systems use a transmission-type light- 
to-electrical transducing stage. The transducing film is usually 
mounted on a transparent glass section, which can also be 
part of the envelope structure. Electrical contact is made by 
using a transparent conducting film on the surface of the 
glass, or a thin metallic film on the periphery of the input 
section. The radiant-energy image comes through the glass 
permitting use of the transduced electrical information from 
the opposite side. 


electrical-to-light transducers 


Regardless of the type of light-to-electrical imaging system 
employed, the amplified electrical information must be con- 
verted back into an image that can be observed by the eye. 
The conversion of the electrical signal to a visual signal is 
usually accomplished by an electron-sensitive phosphor—a 
material that, when bombarded by electron beams of suffi- 
cient energy, transforms a substantial part of this energy into 
a visible signal, proportional to the current density in the 
electron beam. Another material that shows promise in the 
field of transducing from electrical-to-light information is 
electroluminescent phosphor. Here an a-c voltage difference 


is impressed across the phosphor; light output is varied by 
changing the magnitude of the a-c voltage. The variation of 
light output of these two types of transducers as a function 
of signal information is shown in Fig. 3. 


continuous image-intensifying systems 


When images are not transmitted to a remote location, con- 
tinuous imaging can be employed. Electrons from an initial 
photoemissive transducing stage are usually imaged continu- 
ously onto an output phosphor, preferably via some amplify- 
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electron image replica is focused as shown onto the storage- 











ing mechanism. In the typical continuous-imaging intensifier 
(Fig. 4), two distinct mechanisms exist for amplification. 

First, the reduction in image area that occurs when the 
electrons are focused from the relatively large input photo- 
surface onto the relatively smal! output image stage increases 
electron density on the output stage. Output brightness is 
increased by the ratio of the area of the input image to the 
area of the output image. In normal practice, a glass optic 
system of proper design is used to bring the output image 
substantially back to original size with relatively little loss 
in brightness. 

Second, intensification is obtained by increasing electron 
energy; this results from accelerating the electrons as they 
are focused from the input to the output stage. The resulting 
light amplification, depending on the voitage applied and the 
efficiency of the input photosurface and the output phosphor, 
can vary from 10 to 40. As an example of the brightness gain 
derived from such a tube, consider a 30-kv image-intensifying 
tube with an area minification factor of 20, a photosurface 
efficiency of 5 percent, and an output phosphor that converts 
10 percent of the signal power into light in the visible region. 

The signal gain at the output phosphor can be expressed in 
terms of the number of photons of output light per signal 
photon incident on the input stage of the device. Each ex- 
cited electron will have 30 000 electron volts of energy when 
it reaches the output phosphor. Since the electron-volt 
energy equivalent of a light photon is about two electron 
volts, one 30-kv electron would produce about 15 006 light 
photons in a 100-percent efficient output phosphor; a 10- 


percent efficient output will thus produce 1500 photons per 
incident 30-kv electron. Reviewing the amplification of the 
device: five percent of the photons coming into the tube pro- 
duce useful electrons from the first stage of the tube; there is 
a gain of 20 by minification; and a gain of 1500 by voltage 
amplification at the phosphor stage. The total theoretical 
amplification is thus .05 X 20 x 1500 = 1500. In the case of an 
x-ray image intensifier, an x-ray responsive phosphor is placed 
adjacent to the critical photosurface stage. If the output 
brightness of this tube is compared to the brightness of a 
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hit the exposed side of each section and are pulled through 









fluoroscopic screen placed at the same location, gains between 
200 and 600 can be realized in practice. The somewhat lower 
values of x-ray intensification are due to loss in the intensity 
of the x-ray beam as it transverses the envelope of the tube on 
its way to the input screen, and to some loss in efficiency of the 
x-ray input phosphor during tube processing. 


scanning-type tmaging tubes 


To clarify the operation of scanning-type image tubes, 
basic physical phenomena fundamental to writing, storage, 
and reading of electrical information must be considered. In 
general, most of these operations utilize the secondary-emis- 
sion properties of insulators. When a secondary-emission 
insulating surface is bombarded by electrons, electrons are 
driven off the surface. The ratio of the number of secondary- 
emission electrons per unit time to the primary incident elec- 
trons that hit the surface is commonly called the secondary- 
emission ratio, and is a function of the energy of the bombard- 
ing electrons. The variation of secondary-emission ratio as a 
function of primary bombarding energy is shown in Fig. 5. It 
will be noted that the secondary-emission ratio is equal to 
unity at three different points. The first point, which occurs 
at substantially zero primary energy, may essentially be 
considered to involve a reflection process, since electrons that 
do not have positive energies will not hit the insulator. The 
remaining potentials for which the secondary-emission ratio 
is unity are called the first and second crossover potentials. 

Certain operational procedures basic to imaging can be 
deduced from Fig. 5. If the potential of the insulating surface 


is initially below the first crossover potential, continued 
bombardment will tend to charge the surface negatively, 
since more electrons will land on the surface than will leave. 
The surface potential will thus drop until it is substantially 
equal to the potential of the cathode, under which condition 
electrons from the cathode can no longer land and will be 
reflected to the collector electrode. 

If the surface is bombarded with electrons having energies 
between the first and second crossover potentials, the number 
of electrons leaving it are greater than the number of electrons 
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incident on the surface. A net transfer of electrons from the 
surface of the insulator to the collector electrode takes place, 
charging the surface positively. This movement of charge will 
take place as long as the collector is positive with respect to 
the insulator, since the accelerating field so formed will pull 
any secondary electrons that are produced from the in- 
sulator to the collector. The final equilibrium potential is 
reached when the insulating surface charges approximately 
to the same potential as the collecting electrode, thereby de- 
creasing the accelerating field to zero and cutting off the flow 
of secondary electrons to the collector. Because the secondary 
electrons are emitted with appreciable velocities in practice, 
the final equilibrium point of the surface is slightly more 
positive than the collector potential. 

One of the important features of modern television camera 
tubes is their use of storage surfaces for accumulating written 
signal information between successive reading-beam scans. 
The ability to utilize the video information coming to a given 
element of the light-to-electrical transducer continuously, 
rather than intermittently, results in a gain in sensitivity by a 
factor of several hundred thousand. 

The reading process essentially consists of scanning the 
surface with an electron beam such that the differences in 
potential on the surface modulate the beam with the video 
information. The net result is an electron current that has 
been video-modulated, and which is capable of being ampli- 
fied by standard electronic circuits. Erasure is accomplished 
by restoring the potential of the surface to the original refer- 
ence potential. In most video systems, the act of reading 


brings the surface back to the original reference potential, 
and thus reading and erasing are accomplished simultaneously. 

Image Orthicon—A schematic diagram of an image orthicon 
tube capable of converting a light image into a synchronized 
video signal is shown in Fig. 6. The tube consists of four sec- 
tions: a continuous imaging section, a storage section, a 
scanning section, and a section that amplifies the video signal 
obtained in the preceding stages of the tube. 

The primary function of the image section is to convert 
the light image into a properly focused electron image. This 
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electron image replica is focused as shown onto the storage- 
target section of the tube. This process not only serves to 
store information but also has an amplification of about three 
due to the high secondary-emission ratio of the cesiated glass 
target. This section of the tube functions as a continuous 
imaging stage, with the storage-target section serving as a 
means of converting from continuous imaging to the sequen- 
tial video signal. 

The information stored on the target of the image orthicon 
tube is removed by the scanning beam. This beam, as it 
emerges from the gun, has been accelerated to a velocity 
equivalent to 300 electron volts. The speed of the beam is 
reduced by the decelerator grid, so that the electrons in the 
beam are below the first crossover potential when they reach 
the target. 

Briefly, the steps involved in imaging are as follows. In- 
formation in the form of a light signal impinges on a given 
area of the photocathode and produces a proportionate 
emergent photoelectron signal, which is focused by the com- 
bined action of electrostatic and electromagnetic fields onto 
the writing side of the target. The writing side of the target, 
initially at cathode potential, charges positively toward the 
target mesh potential in proportion to the writing informa- 
tion. The potential of corresponding elements on the reading 
side of the target increases as the result of capacitive coupling; 
parts of the target that have been charged positively permit 
landing of the scanning beam in an amount just sufficient to 
bring the given target area back to its equilibrium non-signal 
potential. The subtraction of electrons from the beam during 


target scanning produces the video signal, and the beam has 
thus been video-modulated in proportion to the amount of 
signal on the target. The video-modulated beam, comprising 
all of the beam not required for discharging the various shades 
of gray on the target, is returned to the dynode seciion of the 
tube by appropriately disposed electric fields, where it is 
amplified by the dynode multiplier section shown in the 
diagram. 

The multiplier consists of a number of secondary-emission 
electrodes in the form of a “venetian blind.” The electrons 
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hit the exposed side of each section and are pulled through 
to the next section by the electrostatic fields associated with 
the next stage. The relative potentials are such that the 
electrons from a preceding stage reach the following stage 
above the first crossover potential. Thus each stage provides 
about 3.5 times more electrons than it receives. A total 
amplification of approximately 500 is achieved. 

At normal light levels the video signal with which the beam 
is modulated during scanniny is relatively small compared 
to the noise that exists in the amplifier stage following the 
camera tube. Thus an unsatisfactory signal-to-noise ratio 
would result at lower light levels, were it not for the amplifi- 
cation associated with the dynode multiplier. 

Vidicon—A diagrammatic representation of the vidicon is 
shown in Fig. 7. The light-to-electrical transducer consists of 
a photoconductive layer evaporated onto a transparent con- 
ductive film, which is coated onto the glass faceplate. Writing 
of information on the storage element is accomplished by the 
direct action of light. During operation the target electrode is 
about 30 volts above the potential of the cathode of the scan- 
ning gun. In the absence of light signal on the target, the ac- 
tion of the scanning beam, which bombards the target below 
first crossover potential, brings the scanning side of the tar- 
get to cathode potential. When a light image is focused on the 
target, areas of the target which have been subjected to radia- 
tion become conductive in proportion to the intensity of the 
light they have received, and discharge toward target poten- 
tial according to the intensity of the signal illumination. 

The tube has the advantayes of signal storage, inasmuch 
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as a given raster element of the target will hold the informa- 
tion it receives between successive scans. The act of scanning 
restores the potential of a given raster element to its equili- 
brium value, thus erasing the written information. Reading 
is accomplished simultaneously, since currents proportional 
to the light information on a given raster element are induced 
by capacity coupling in the target circuit. 

The light-to-electrical transducer in the vidicon is combined 
in a single stage with the storing section of the tube. For 
relatively strong illumination the high sensitivity of the 
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photoconductive film results in an output signal that is high 
compared to the noise in the first electronic stage of amplifi- 
cation. Because of its high output signal strength for strong 
illumination, the photoconductive stage may also be con- 
sidered to serve the same function as the multiplier section of 
the image orthicon. 

The vidicon has an excellent signal-to-noise ratio at high 
light levels, due primarily to the high efficiency of its light- 
to-electrical transducing element. Its sensitivity for imaging 
at low light levels is about 500 times less than an image 
orthicon because of the relatively high electrical capacity of 
the target and the lack of a multiplier section. In addition, an 
objectionable image persistence effect is associated with the 
operation of the vidicon at low light levels, partly due to its 
high target capacitance, and partly due to persistence of the 
induced conductivity effect after the signal light is interrupted. 

Since the photoconductive effect is based on the release 
by photons of the valence electrons, the minimum energy re- 
quired to release the electron may be substantially less than 
the minimum energy required in the case of photoemission. 
Consequently, it is possible to image successfully at much 
longer wavelengths (infrared) using a photoconductive trans- 
ducer, such as the vidicon employs. 

The vidicon has the additional advantage of being con- 
siderably less expensive than the image orthicon as far as the 
tube and associated circuits are concerned. It is also less 
critical to operate. The vidicon system is finding increasing 
industrial use, as well as wide application for motion picture 
transcription for television. 


image display tubes 


The kinescope shown in Fig. 8 is typical of the standard 
tube presently used for television receivers. Operation of the 
tube is reasonably straightforward. The beam deflection as- 
sociated with scanning is accomplished with time-varying 
electrostatic or magnetic fields that cause the electron beam 
to scan the raster in synchronism with the scanning action 
of the camera pickup tube. A control grid with a small elec- 
tron exit aperture is placed next to the cathode. Imaging is 
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accomplished by feeding the video signal to this grid as the 
scanning action occurs. 

Storage Display Tube—A new type of display tube is shown 
in Fig. 9. This tube is similar to the standard kinescope 
described except that it has the ability to store information 
between successive writing periods. Information in the form 
of a conventional video signal is impressed on the control 
grid of a writing gun, similar to the type used for standard 
kinescopes. The writing gun translates the video signal into 
an electrical charge pattern on the transmission storage grid 
by scanning action. Reading is accomplished by allowing the 
storage grid to modulate a uniform, raster-area size beam 
that emanates from the flooding gun shown in the diagram. 
The video-modulated electrons that traverse the storage mesh 
are accelerated by the high field between the phosphor and 
the storage mesh and excite the desired image on the output 
phosphor. The electric field gradients at the storage grid, 
which are determined by the relative potentials and geomet- 
rical arrangement of the collector grid, the storage grid and 
the output phosphor layer, are adjusted so that control of the 
flood-gun beam used to read the written information can be 
exercised under conditions where all parts of the storage grid 
surface are below the potential of the flood-gun cathode. As a 
result, electrons from the flood gun cannot discharge the 
surface of the storage grid during reading. Storage of infor- 
mation for relatively long periods of time is thus possible. 

Erasing is accomplished by lifting the potential of the 
storage grid, so that it becomes slightly positive with respect 
to the flood-gun cathode, thus permitting landing of the 


flood-gun electrons. Since the landing of the flood-gun elec- 
trons takes place below the first crossover potential, the 
storage grid surface discharges uniformly to cathode poten- 
tial. When the base layer of the storage grid is dropped back 
to its normal value, capacity coupling now brings the ex- 
ternal coating slightly below cathode potential. Storage grid 
potentials are chosen so that the flood-gun beam is com- 
pletely cut off in the absence of written information. 
Because the storage grid is able to hold written information 
for periods longer than frame time, these display tubes have 
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the same high storage-factor gain associated with the storage Table I—PORTION OF SPECTRUM RELATED TO IMAGING 
feature in camera tubes. As a result of this storing ability, 




















tubes can be operated at brightnesses of the order of 1000 to Equivalent Energy Wavelength Frequency 
10 000 foot lamberts. Electron Volts Angstroms Megacycles 
This high brightness is particularly important in display 0.00001 1 240 000 000 (12 cm) 2 420 
tubes used in high-altitude aircraft applications where the inet 0.0001 124000000 ¢ 1.2 cm) 24 200 
high ambient brightness makes present display tubes unus- 0.001 12 400 000 ¢ 1.2 mm) 242 000 
able without shielding. 0.01 1240000 ¢ 12 mm) 2 420 000 
124 107 
solid-state light amplifiers Me a a a 
By the combination of solid-state films having suitable Infrared 0.5 25 000 1.21x10° 
properties, image amplification and conversion can be ob- 1.0 12 400 2.42 x 108 
tained without the use of vacuum techniques. A solid-state 20 620 bentaceal 
amplifier of very thin cross section is obtained by combining Visible 2.0 6 200 4.84 108 
a photoconductive film with an electroluminescent film, as 2.78 4 460 6.7 x10 
shown in Fig. 10. 2.78 4 460 6.7 «108 
An a-c voltage is impressed between the two outer elec- 3.0 4100 7.3 x10 
trodes. In the absence of light signal most of the voltage drop Ultraviolet and 6.0 2 100 1.4 x10° 
is across the photoconductive layer, which has an extremely Near X-ray 10 1 240 2.42 10° 
high ‘“‘dark”’ resistance. The voltage across the electrolumi- 100 124.0 2.42 10!° 
| nescent layer in the absence of signal is thus too low to pro- 1 000 124 2.42x10" 
duce an output signal. When a light image is impressed on the _— - a 
photoconductor, irradiated areas become conductive in pro- 5 000 2.5 1.2110" 
portion to the light intensity landing on them, thus impressing Grenz Rays 10 000 1.24 2.4210" 
a proportionally greater voltage on the corresponding areas 20 000 0.62 4.04x10" 
of the electroluminescent film. Areas of this film that are sub- <-caye ond 20 000 0.62 4.8410! 
jected to higher a-c voltages as the result of the light stimulus Gamma Rays, i aed es x a 





give off light, producing shades of gray in proportion to the 
light intensity in the original scene. Amplifications of light 












Table 11—EYE SENSITIVITY T LOR 





Relative Milliwatts Required Number of 
Wavelength Visibility To Produce One Photons Per 
Color Angstroms Percent Lumen Lumen 


4000 
4500 5 29.4 6.710" 
5000 35 4.2 1.110" 
1.47 4.110'5 
6000 2.45 7.4x10'5 
6500 10 14.7 4.8x10'¢ 
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Table §11—BRIGHTNESS VALUE 











Brightness—Foot Lamberts 








10 000 Snow in midday sun 





1000 Clear sky, fluorescent lamp, moon 


100 


10 Home tv, white paper for reading under artificial 
light (10 foot lamberts recommended minimum) 








intensity of 100 and higher have been reported. 1] Motion-picture screen (2.7-5.2 foot lamberts) 
; Other types of solid-state light amplifiers, some of which 01 iiiics aicieas aces talaclos 
incorporate the storage feature, are in early research stages. 









1 They suffer from structural complexity, lack of sensitivity, 01 Upper limit of fluoroscopy 
and the difficulty of processing solid-state films with the 001 Full inoonlight (.005 lumens /ft2) 
necessary uniform high-level response. But there seems little 10-4 
doubt that within the next decade or so these structural types 
| oubt t bs h ; ae ha 10-5 Lower limit of fluoroscopy, full star-light (.00005 
will find wide use both as light amplifiers and as display lumens /ft2) 
devices similar in function to the conventional television 
i 10-6 Threshold after 10 hours dark adaptation 







receiving set. ® 
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EDITORS NOTE: A very few years ago, 
this article would have been con 
sidered rather “futuristic” for publi 
cation in these pages. Space travel 
was a fine subject for science fiction, 
but rather remote from the world’s 
more everyday problems in science 
and engineering. The almost explo- 
sive success of the first earth satel- 
lites brought a new realization that 
space travel—to at least some degree 

is very possible in our 20th cen- 
tury. We hope you will enjoy reading 
our first article dealing with a few of 
the anticipated problems of space 
travel within our own solar system. 


» Future travelers in space will be faced with the problem 
of guiding their flight, and establishing reliable communica- 
tion channels with their bases and with other space travelers. 
While communication between virtually every point of the 
earth has been established and is now commonplace, distances 
involved in interplanetary space are so much greater than 
earth distances that present-day communication techniques 
must be considerably improved. Although communication be- 
tween the planets of our solar system is theoretically feasible 
with predictable technical advances within the next 20 years, 
communication even to the nearest stars is questionable. 

Some of the principal problems facing the future space 
navigator in the field of radar and communication are: (1) 
navigational guidance, involving determination of ship posi- 
tion and direction of travel; (2) ship-to-base communications; 
(3) ship-to-ship communications; (4) anti-collision means; 
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INTERPLANETARY 
COMMUNICATION 
AND NAVIGATION 


and (5) planetary mapping from a planet-circling ship. 

From the standpoint of the communications engineer, outer 
space offers an ideal medium. The absence of atmosphere in- 
sures that electromagnetic waves will not be bent, deviated or 
attenuated. Thus so-called “‘free-space’’ equations apply to 
the propagation of radio waves in space. 


€ Navigation 

Conceptually, space navigation is relatively simple because 
the position of celestial bodies can be accurately predicted. 
Therefore, an accurate course can be plotted to the future 
position of the particular destination, taking into account the 
various forces acting upon the craft. While this requirement 
appears simple at first glance, in practice the exactness and 
accuracy required make it extremely difficult. Such a course 
requires not only the exact knowledge of the position and 
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trajectory of celestial bodies, which can be calculated accu- 
rately, but it also requires an equally precise knowledge of the 
direction of travel and velocity of the spaceship. 

The necessary accuracy can be visualized by an example: 
Assume a voyage to the planet Mars, with a trajectory timed 
to intercept the orbit of that planet at its nearest distance to 
the earth, approximately 36 million miles. An error in launch- 
ing angle of one minute would result in a positional error at the 
end of the trajectory of 10 000 miles. Since errors of several 
minutes exist in the best launching systems under ideal con- 
ditions, the difficulty is obvious. 

Assuming the trip is performed with an initial speed of 12 
miles per second (43 200 mph), an error of one percent in 
initial velocity would cause an error at the end of the tra- 
jectory of about 400 000 miles. Such errors, although small 
compared to the distance traveled, necessitate additional fuel 
consumption at the end of the trajectory to place the ship in 
the correct final orbit. 

While early spaceships will have no choice but to follow 
accurate orbits due to the relatively low performance of 
chemical rockets, better fuels and engines will be developed 
eventually to give spaceships greater freedom in their chosen 
flight pattern. 

Two stages in the progress of space navigation can be en- 
visioned : (1) chemically-powered ships venture on occasional, 
carefully timed exploratory expeditions, and (2) gradual in- 
crease of scheduled space flights and the advent of rather 
heavy space traffic. During stage one, space navigation will 
be almost exclusively optical with the eventual use of earth- 
based computers linked to the spaceship by radio. In stage 
two, automatic navigational aids will come into use. 

Navigation, among other things, involves a knowledge of 
position and velocity vector. In space these quantities are 
characterized by three parameters each, or six parameters in 
all. Navigational information can be obtained by measuring 
the position of stars or the planets of the solar system (for 
navigation within the solar system). Star navigation can be 
performed by establishing a coordinate system with the sun 
as its origin and three stars defining three axes drawn from 
the sun to these stars (Fig. 1). However, observation of the 
stars is not sufficient to obtain positional information; be- 
cause the stars are so far away, for all practical purposes they 
are points at infinity. The only information that can be 
gathered from star observations in space is the direction of 
the radius vector from the origin of the coordinate system to 
the ship, and the ship’s direction of travel. To determine 
absolute position, the magnitude of the radius vector must be 
known. This can be done by measuring the apparent diameter 
of the sun. If a one second error of arc is assumed in measuring 
the sun’s apparent angular diameter, and the ship is at a dis- 
tance from the sun equal to the earth’s distance (approxi- 
mately 100 million miles), the resulting error in the magnitude 
of the radius vector is about 40 000 miles. 

Another method of navigation is to observe the planets 
instead of stars (Fig. 2). This yields absolute position with 
greater geometrical accuracy than star and sun-diameter 
observations, but requires an accurate knowledge of planet 
position at any given time, which involves the use of an 
extremely accurate chronometer aboard ship. Observations of 
the planets for navigation within Mars’ orbit, with instru- 
ments accurate to one second of arc, and a chronometer ac- 
curate to a hundredth of a second would mean, in most cases, 
positional errors of about 1000 miles. 

Although both of these methods lend themselves to measure- 
ments of the absolute ship position, neither allows for a quick 
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determination of ship velocity. This quantity must be de- 
termined from successive observations. The accuracy with 
which velocity can be determined is directly proportional to 
the length of time between observations. This will not con- 
stitute too great a drawback in the beginning of space-naviga- 
tion, when ships will be ‘“‘slow” and plenty of time will be 
available for observations; however, as speeds increase and 
flight times decrease, the need for rapid positional and velocity 
fixes and trajectory computations will become greater. 


the application of radar techniques 

Navigational guidance can be obtained with radar tech- 
niques. Thus, systems similar to those used in aircraft radio 
navigation could be established in space. The principal dif- 
ference between present-day navigational systems and space 
systems is that earth-based navigational aids are fixed, while 
in space they will of necessity move with respect to the solar 
system’s frame of reference. This complicates the problem 
because now both the guiding base and guided ship move 
relative to the point of arrival. Nevertheless, such naviga- 
tional systems could still be conceived in several forms: (1) 
beams aimed between planets, forming “polygons” of variable 
sizes; (2) very broad or omnidirectional beams transmitted 
from planets or satellites can provide an intercept course with 
a proportional navigation system; and (3) space Loran. 

Of these possibilities, the first is interesting because it 
would allow the spaceship to operate in much the same fash- 
ion as a beamrider missile. The beamrider is a convenient 
guidance system, but has several disadvantages. such as a 
longer, and therefore uneconomical, flight path. This form 
of guidance is definitely reserved for the fast spaceships of 
the future. Also, it would not guide the ship all the way to 
its destination planet; a terminal phase of guidance would be 
needed because of the high terminal accelerations required. 

For the second possibility, the radiating source would be 
located at the destination, and the ship could navigate in 
much the same fashion as a proportional-navigation homing 
missile. This type missile automatically follows the shortest 
straight-line course to the target. In this case, the source 
pattern would need to be broader than for the previous cases 
—probably an omnidirectional radiating source. Navigation 
would be simple, at least in theory. The particular frequency 
corresponding to the destination point would be selected, and 
the automatic mechanism within the ship would do the rest, 
always maintaining the ship in a ‘‘shortest distance” collision 
course. The source could be located on the planet of arrival, 
or on a satellite of the planet, either artificial or natural. 
Because of the rotary motion of all these bodies, several 
sources would have to be installed on the planet surface. 

The third possibility would employ beacons similar to the 
presently used Loran (long range navigation) system, except 
that Loran operates in two dimensions, while the space 
navigation system must operate in three. Thus, at least 
four omnidirectional transmitting beacons could be set up in 
known orbits around the sun (Fig. 3). The position of the 
ship within the solar system would be determined by measur- 
ing the differences in the arrival times of pulses issued by 
the four beacons, which would have to transmit pulses cor- 
related in time similar to the Loran system. 


range 

The fundamental problem of radio-navigation in space is 
that of radio range. As far as known today, no obstructions or 
refracting and diffusing elements exist in space that would 
distort radio signals. Thus, radio-navigation in space ought to 
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Fig. 1—Celestial navigation systems for 

travel within the solar system can use the 
sun and three stars as reference points. 
The three angles (¥, 6, 6) and the apparent 
diameter of the sun locates the ship in space. 


Fig. 2—Another navigation system uses the 


sun and planets. This system is more 
cumbersome, but more precise than 
that shown in Fig. 1. An accurate 
chronometer is required. 


Fig. 3—In a space Loran system, four electronic 
beacons launched in space would serve as 
‘‘base stations,’’ which would 
automatically determine ship’s position. 


Fig. 4— Voice communication from great 
distances could utilize a large antenna, which 
the spaceship could eject and inflate in 
space. Because of the favorable ratio 
between antenna size and range, ranges 
for voice communications might reach 

600 million miles with an antenna 

area of 100 square meters. 
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be more accurate and disturbance-free than on the earth’s sur- 
face. Furthermore, no line-of-sight problems arise, permitting 
extensive use of microwaves, with all their advantages. 

Range depends on the power used, the degree of beaming, 
the sensitivity of the receivers, the transmission and recep- 
tion losses, the amount of intelligence to be transmitted, 
and the means employed to extract information from the re- 
ceived signals. . 

Omnidirectional Transmission—For omnidirectional trans- 
mission and reception, the formula for range (R) is: 


Se ae oN 

8.2X10 VL B 
where \-is the wavelength of the radiation, P, is transmitted 
power, L is system losses, and B is bandwidth. Since range 
is a direct function of wavelength (A), longer wavelengths 
(low frequencies) are desirable. 

The choice of frequency will be limited primarily by the 
size of receiving antenna allowable on the spaceship; an 
upper convenient size is probably around 4 meters (13 feet), 
which sets the frequency at 35 to 40 megacycles (vhf band). 
At these frequencies, high average powers can be obtained. 
The ratio of peak-to-average power obtainable is not as 
favorable as at the higher frequencies, mainly because effort 
has not been concentrated in that direction. This situation 
would at least temporarily favor the use of these frequencies 
for high duty cycle applications, such as voice communication. 

The range obtainable for omnidirectional transmission and 
reception can be calculated from equation (1). Assuming 
present state-of-the-art parameters, it would be about 18 mil- 
lion miles for code communication, or 10.5 million miles for 
voice communication. 

Beamed Transmission and Reception—Range can be in- 
creased further by beaming both the transmitter and the 
receiver. The corresponding equation becomes: 


1 |PiAtAy 
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where A; and 4A, are the areas of the transmitting and re- 
ceiving antennas, respectively. 

The limitations to this method are primarily the practical 
sizes of the receiving and transmitting antennas, and the 
knowledge that one end of the communications link has of the 
position of the other end. Thus beaming is desirable in 
planet-to-planet communications, and in ship-to-base com- 
munications; it is not as desirable in base-to-ship or ship- 
to-ship communications. 


(1) 





Beamed Range = (2) 


means to increase range 

Range can be increased by: (1) increasing transmitted 
power; (2) increasing antenna size; (3) improving system 
performance, i.e., improving the receiver sensitivity and 
reducing system losses; (4) improving information content of 
the signal and means to extract signal from noise; and (5) 
reducing the quantity of information per unit time (increasing 
the time duration of the transmitted message). 

By 1970 an improvement in transmitted power by a factor 
of 10 can probably be achieved. Power, however, means 
weight—thus power improvements are more likely to be 
applicable to base transmitters than to shipborne equipment. 

Increases in antenna size are limited by physical con- 
siderations and thus may not be universally applicable; 
antenna sizes of about 100 square meters are believed to be 
the upper limit for shipborne systems. 

Much fruitful work can be done on improving receiver 





sensitivity. Recent developments in traveling-wave tubes, 
and development efforts towards better receivers point in 
that direction. By 1970, receivers undoubtedly will have 
sensitivities at least four times better than present receivers. 

In the microwave region ‘“‘cosmic noise” is considerably 
lower than the noise generated within the receiver. Since 
noise is a direct function of the temperature of the receiver, 
this suggests the possibility that by cooling the receiver 
internal noise can be reduced. In space, cooling to very low 
temperatures can be achieved by simply shielding critical 
receiver elements from the sun. 

Experimental data seems to indicate that “cosmic noise”’ 
is equivalent to a temperature of about 30 degrees K. Assum- 
ing the receiver is cooled to 30 degrees K, the improvement 
over a 300 degree K ambient is 7.5 db. 

Improvements in coding and decoding techniques can be 
anticipated by 1970, amounting to 10 db over present system 
performance. 

Message spread-out in time is a technique that will be 
particularly adapted to space travel, especially on long 
flights. With this technique, the range improvement will be 
proportional! to the square root of message duration. 

Recapitulating, the improvements over present performance 
reasonably expectable by 1970 amount to: power improve- 
ments—10 db; improved receiver sensitivity—6 db; cooling 
—6 db; coding and decoding improvements—10 db. This rep- 
resents a total improvement of 32 db, or a range improvement 
of 40 times over the values previously given. Even further 
improvementscan be expected from the time-spread technique. 


communications 

The next problem facing the space traveler is communica- 
tion. The required communication links are base-to-ship, 
ship-to-ship, and ship-to-base. 

Base-to-ship communications have the advantage that a 
very powerful station can be set up on the base. Consider- 
ably greater power will be required for video communication, 
such as television signals, than for voice communication. 

The base-to-ship range for omnidirectional transmission 
and reception on voice communication with present-day 
equipment performance was previously estimated at 10.5 
million miles. This is obviously insufficient for interplanetary 
flight. With improvements expected by 1970, a range of per- 
haps 400 million miles could be achieved, which is adequate 
for communication between the near planets (Mars, Venus, 
earth). For code communication, the time-spread technique 
is usable so that even greater ranges are attainable. Presum- 
ably, this technique can be employed on very long trips to 
the outer planets. Considerable time will be required and the 
need for rapid communication will not be pressing. The situa- 
tion can be further improved by beaming. 

Beaming the base transmitter is desirable when the ship’s 
position is known; otherwise, scanning techniques must be 
used, which takes more time. A drawback to scanning is that 
over interplanetary distances, radio transmission time is not 
negligible; in fact, for transmission to ships located anywhere 
within the earth’s orbit, it can be as high as 12 minutes. 

The round-trip duration—the elapsed time between the 
transmission and receipt of acknowledgment of the signal (in 
radar language, the acquisition lime of the other end of the 
link) —can therefore be an appreciable fraction of the scan time. 
Consequently, the target can easily be missed unless extreme- 
ly slow scans are used. Once the ship is detected, the beamed 
transmitting antenna can be oriented in the proper direction. 
If the target position is totally unknown, the omnidirectional 
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system is more convenient than beaming and scanning. 

Ship-to-base communications will suffer from the limita- 
tions of power and weight of shipborne equipment, so that 
ship-to-base range will generally be lower than base-to-ship. 

An interesting possibility is offered by the characteristics 
of acceleration-free space flight. Under these conditions, the 
ship can eject a collapsible, light-weight, large antenna. This 
antenna would travel alongside the ship and could be pointed 
towards the base to achieve long-range communication with 
limited power (Fig. 4). 

The next problem confronting space travelers is that of 
ship-to-ship communications. At the outset, communication 
between distant spaceships seems rather pointless. If neces- 
sary, such communication can always be relayed through 
ground bases or beacons. Conceivably, to reach an outlying 
ship, special transponder beacons could be used. The first ship 
with its limited power but with a highly beamed antenna 
would aim at the transponder beacon; the transponder beacon 
would rebroadcast the message to reach outlying ships. 

An interesting possibility for all navigation and communi- 
cation systems is offered by the fact that the solar system is 
nearly ‘‘flat’’—all planets and other celestial bodies (asteroids, 
meteorites, etc.) travel in almost coplanar orbits. Thus all 
travel within the system might be performed within the plane 
of orbits. Omnidirectional systems would not be required, 
except for relatively close-in ranges; for longer travels (such 
as earth-to-Mars or farther), the radiated (and received) 
antenna pattern need not be spherically omnidirectional, but 
merely omnidirectional in azimuth, with restricted elevation 
coverage. This would result in considerably increased ranges 
over the omnidirectional values previously stated; even the 
relatively broad vertical beaming of 30 degrees in transmission 
would increase omnidirectional ranges bya factor of about 2.5. 


anti-meteorite and anti-collision provisions 


Although the probability of encountering dangerous meteor- 
ites now appears to be extremely low, as is the probability of 
colliding with another spaceship, it is interesting to investi- 
gate what could be done to avoid at least the larger meteorites. 
An often proposed solution is an anti-collision radar. But the 
radar problem is difficult because of two factors: (1) the small 
size of the meteorites, and (2) the large frequency shift caused 
by Doppler effect 

An effective anti-meteorite radar must be able to protect 
the ship against fairly small objects. A one-pound metallic- 
core meteorite traveling at speeds relative to the ship or tens 
of miles per second could cause considerable damage and even 
destruction of the ship. Such a meteorite has a geometrical 
cross-sectional area of approximately a tenth of a square foot. 
If the meteorite is irregular and rock coated, or if it is metallic 
and approximately spherical, its radar cross-section is of the 
same order of magnitude as its geometrical cross-section. 

For a meteorite traveling head-on towards the ship at 
relative speeds of 40 miles per second, radar equipment forsee- 
able in the next 20 years would only have sufficient range to 
allow about 2 seconds to detect the meteorite, plot its course, 
determine that it is a collision course, compute the ship’s 
maneuver to evade the meteorite, and actually evade it. For 
meteorites traveling at relative speeds of 20 miles per second, 
the time to do all this is increased to 4 or 5 seconds. 

The situation is much better if the ship travels in the same 
direction at a speed equal to an average meteorite’s speed; 
then it will overtake the slow ones and will be overtaken by 
the faster ones. These faster or slower than average meteorites 
probably will only exceed the speed of the average meteorites 
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by a few miles per second. This gives a time span of perhaps 
a minute to perform all the maneuvers. Thus in regions of 
space where the meteorite orbits and speeds are known, it is 
possible to protect against them by traveling in the same 
direction, and at the same speeds. 

Only small targets of about a tenth of a square foot have 
been considered. Against larger targets the situation is only 
slightly better. Radar range increases as the fourth root of 
target size, so that even if target size increases by a factor of 
100, range would only increase a little over three times. This 
increased range would give a warning time of about seven to 
eight seconds for head-on meteorites—still not enough for all 
the things that must be done. 

In view of the immensity of space, collisions between ships 
appear improbable unless high traffic density confined to 
relatively narrow traffic lanes is assumed. However, if neces- 
sary, radio warning systems could be used between ships, 
which would have much greater ranges than radar and would 
allow adequate warning time. 


radar mapping of uncharted planets 

Planetary mapping is best done by optical means. Only 
where planets are covered by clouds, either permanently or 
temporarily, would radar mapping be desirable and worth- 
while. In addition, radar techniques lend themselves‘to a 
certain extent to a determination of the planet’s atmosphere. 
Different gases or combinations of gases possess different 
absorption characteristics at different frequencies. An insight 
into the constituents of a planet’s atmosphere could be gained 
by measuring the weakening of the radar echo from a fixed 
point on the planet’s surface as radar frequency is varied. 

An even better method would be to drop a radar beacon 
transponder on the planet’s surface. This beacon, equipped 
with a constant-power broadband repeater, could retransmit 
the frequency with which it is being interrogated by the 
ship. For example, a weakening of the returned signal at a 
wavelength of 1.25 centimeters would indicate the presence of 
water vapor. Attenuation at a 5 millimeter wavelength would 
show the presence of oxygen in the planet’s atmosphere. The 
techniques for this type of transponder beacon should be well 
developed by 1970. 

Mapping observations made from a planet-circling ship 
would be of value on cloud-covered planets and would most 
likely be undertaken before an actual landing on the planet 
were to be attempted. High-resolution techniques, which 
should be well developed by 1970, would yield a rather 
accurate knowledge of the planet’s surface. 


ultimate communication range 


It is of interest to calculate the maximum communication 
range achievable with present techniques and with the tech- 
niques presumably available by 1975. Assuming 1957 state- 
of-the-art system parameters for a pulsed beamed system— 
10-mw peak power, 1000 square-feet antenna area (both 
transmitter and receiver), 17-db losses, 3-centimeter (micro- 
wave) wavelength, and 100 pulses per second code rate—the 
range of such a system is 25 billion miles or 0.0044 light-years. 
With the anticipated development in 1975 techniques, this 
range can be increased to 1 trillion miles, or 0.176 light-years. 
This range is still insufficient for communication to the nearest 
stars. Considering that the round-trip elapsed time for radio 
waves to the nearest star is about eight years, there is reason 
to question the practicality of star communication with any of 
the methods known today, even though the necessary range 
could be achieved. ® 
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more kilowatts on a single shaft 


# A newchampion is being groomed for the title of “largest” 
in the single-shaft, tandem-compound 3600-rpm turbine class. 
The turbine will have a rating of 325 megawatts; steam con- 
ditions are 2000 psi, 1000 degrees F, with reheat to 1000 
degrees F, and 314 inches hg absolute exhaust back pressure; 
the turbine will consume 24% million pounds of steam per 
hour. This will be the first single-shaft machine with four 
exhausts; previous four-exhaust units have been on cross- 
compound units. 

The inner-cooled generator driven by the turbine will be 
rated at 422 mva, 0.85 power factor, 60 pounds gas pressure, and 
will likewise be the largest 3600-rpm single-shaft generator. 

When the new turbine-generator unit is put into service 
on The Middle South Utilities System in 1961, it will supersede 
the present record holders rated at 364 mva. ® 


improved distribution transformers 


= Jnside—Relatively low distribution-transformer imped- 
ance has been traditionally advocated in the interest of sup- 
plying satisfactory service voltages to the ultimate consumer 
under load conditions. Last year’s increased breaker settings 
for the CSP transformers of approximately 20 percent, made 
possible through design and material improvements during 
recent years, increased the thermal overload capability of 
these transformers. To insure that these higher loads would 
still be delivered at a satisfactory voltage, design engineers 
re-examined the entire line of distribution transformers 
through 167 kva. Consequently, a complete redesign of the 
core and coils was made on a number of ratings to provide a 
uniformly low impedance—in the order of two percent—for 
the complete line of ratings. 

. and Outside—Cover-mounted high-voltage bushings 
on pole-type distribution transformers rated above 5000 volts 
(an industry standard) permits a simple and neat connection 
to the high-voltage feeder; however, it can also introduce the 
problem of birds, squirrels, or other animals occasionally 
placing a short between the high-voltage bushing terminal and 
the tank cover. Where the tanks are grounded, as with all the 
popular single high-voltage bushing transformers, the result- 
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ant fault will usually produce an outage, and many times 
damage the bushing. Plastic or porcelain guards that fit over 
the high-voltage terminals have been used to overcome this 
trouble, but variations in transformer dimensions require a 
variety of guard designs. 

A new approach eliminates the guard altogether; instead, a 
Plasticlad cover is used, that is, a standard steel cover coated 
with a plastic material that has high dielectric strength, 
weathering ability, and freedom from tracking. With this 
scheme, if an animal places himself between bushing and 
cover, the insulation strength of the plastic coating limits 
current flow to a few micro-amperes—just enough toshock the 
animal—without any interruption of power to the customer. 

For the future, another solution to the bird and animal 
problem goes a full step further; the steel cover is replaced 
entirely by a 100-percent plastic cover. This method provides 
several other major advantages. By making a rather deep 
cover, the high-voltage bushing can be shortened appreciably, 
since the plastic cover will provide a portion of the creep 
distance. In addition, the deeply formed cover provides 
mounting space for the low-voltage terminals in the side of 
the cover; since the cover is an insulating material, the low- 
voltage terminals are brought through the plastic wall with- 
out a porcelain or plastic bushing. This construction also 
allows shortening of overall transformer height. 

Another important feature is the cover seal to the upper 
tank rim; use of a plastic sealing compound provides a com- 
pletely sealed distribution transformer. 

Both of the cover designs described have completed 
accelerated life tests successfully, and are now receiving 
field tests on utility installations. ® 


transistorized power source for lighting systems 
= The first transistorized high-frequency power source 
for lighting systems, when incorporated in standard lighting 
equipment in coming months, is expected to eliminate major 
technical and economic obstacles now inhibiting indoor and 
outdoor use of high-frequency lighting. 
The frequency converter is a static device in which in- 
coming three-phase a-c power at normal distribution voltages 
continued page 96 
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Three methods for preventing occasional faults on dis- 
tribution transformers from birds or squirrels: left to 
right, a plastic guard on the high-voltage terminal, an 
all-plastic cover, and a plastic-coated steel cover. 


See story on page 93 


Components of a turbine-supporting condenser, struc- 
turally the largest of its kind in the country, were 
recently shipped to the Jersey Centra! Power and Light 
Company’s Sayreville Station, where an additional 
137 500-kw turbine generator is being installed. The new 
turbine generator will, upon completion, increase the 
capacity of this station to 375000 kw. Weighing 500 
tons, the condenser was transported disassembled in 
13 major parts. Workmen are shown guiding one of the 
larger pieces onto a truck trailer after the unit was lifted 
from a barge at the bank of the river near the station. 





Top—Saving in weight and space of new 1500-cycle 
ballasts over standard 60-cycle ballasts is evident. At 
right rear is the new transistorized high-frequency 
source, rated at 12 kilowatts. Bottom—Output shown 
on the oscilloscope is a 1500-cycle sinusoidal wave peak- 
ing at 150 volts, delivered by the high-frequency power 
supply. See story on page 93. 
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This giant lathe, one of the largest of its type, measures 
50 feet in length and is capable of handling jobs up to 15 
feet in diameter. Shown here is a 104-ton double-arma- 
ture undergoing shaft refinishing. Built in 1916 for a 
large eastern steel company, the double-armature is 
part of a huge motor that powers a rolling mill. After 
nearly a half-century of service, the armature required 
only surface refinishing of the shaft itself. A precision 


instrument despite its size, the lathe trimmed less than 
ten-thousandths of an inch of metal from the shaft, 
permitting it to be set in its original bearings without 
expensive modifications. The capacity of the lathe made 
it possible to do the job without dismantling the arma- 
ture, a practice usually necessary on smaller lathes. 
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Electroluminescent panels glow with letters or figures in 
a new display system developed by research scientists. 
Bright enough for use in broad daylight and no thicker 
than a sheet of ordinary glass, the display shows only 
the exact information desired, without need for dial 
watching or estimating readings. The new display is 
expected to find eventual use in such places as military 
aircraft, industrial processes, or the automobile of the 
future. 

The digital indicator shown is essentially a flat screen 
having a series of phosphor-coated electroluminescent 
strips, which glow when energized electrically. Seven 
such strips will form any number from zero through 
nine; by a different arrangement, a screen with 14 seg- 
ments can display any letter from A to Z, plus the 
numerals 0 through 9. 

Switching the electroluminescent strips can be done 
in several ways. In all cases, electrical input informa- 
tion, be it in binary-coded decimal or decimal form, 
must be translated into the seven-segment code; power 
must then be switched to the proper segments in ac- 
cordance with the code signals. One unique switching 
device developed in the research laboratories, called an 
Elpak relay, consists of small electroluminescent cells 
placed face-to-face with photoconductor cells. The 
electrical input signals are applied to the electrolumi- 
nescent cells, causing them to glow; this turns on the 
corresponding photoconductors, which activate the 
proper strips in the electroluminescent display screen. 
Its power-handling capabilities and electrical matching 
to the electroluminescent screen make the Elpak relay 
an excellent device for energizing the display screen. 
Being a solid-state device, it has the advantages of long 
life, reliability, and ruggedness. 

This electroluminescent display system has several 
additional advantages: the size of the panel and num- 
bers it displays is limited only by manufacturing con- 
venience; numbers are displayed on a single plane, and 
can be viewed through a wide viewing angle without 
distortion; the low power requirements of the display 
are easily met with miniature power supplies; and the 
possibility of varying the color of the numbers gives an 
additional degree of freedom in interpreting the infor- 
mation displayed. 





This giant 100-ton pressure vessel for the prototype 
nuclear propulsion plant (A1W) of the nation’s first 
atomic-powered surface ship is shown prior to shipment 
to the Naval Reactors Facility at Arco, Idaho, by the 
Foster Wheeler Corporation. The vessel was built for use 
by the Bettis atomic power division of Westinghouse 
Electric Corporation which has a prime contract with 
the Atomic Energy Commission to design and develop 
the nuclear propulsion plant for the atomic-powered 
ship. The vessel flange has an outside diameter of 137 
inches. The vessel shell is 105 inches in diameter while 
the reactor vessel measures more than 19 feet long. 








Engineers and technicians are duplicating blazing tem- 
peratures and numbing cold within minutes to make 
sure that automatic armament systems for Navy and 
Air Force planes will work anywhere regardless of en- 
vironment. Such equipment as radar and computers 
that make up the all-weather fire-control systems are 
placed in massive weather chambers that simulate the 
altitude of 90 000 feet, are capable of temperature ranges 
from minus 105 degrees to 500 degrees, and humidity 
approaching 100 percent—even with salt spray. Shown 
here, a technician adjusting the clamps on the Fiber- 
glas radome that houses the automatic armament sys- 
tem for a Navy all-weather interceptor. Behind the 
seven thicknesses of special glass, it’s 65 degrees below 
zero—about 25 degrees colder than the coldest median 
temperature at Little America. Airborne gun-aiming 
systems are actually put into operation at temperatures 
down to 100 degrees below zero and simulated altitudes 
of 90 000 feet. Energy from the radar equipment is aimed 
at radiation-absorbing material on a wall opposite the 
window. 





is rectified by a diode bridge. The resulting d-c voltage is 
impressed across two groups of power transistors, which con- 
duct alternately and work with auxiliary circuits to provide 
a 150-volt alternating peak output. Whether the final wave- 
form is square or sinusoidal is determined by the circuitry 
of the final stage. The use of semiconductors in this design 
permits frequency stability to be maintained with high effi- 
ciency over a wide load and input voltage range. The fre- 
quency converter can be continuously energized under no-load 
conditions since its losses are less than 50 watts. By simple 
design modifications, frequency output of the new units can 
be fixed at virtually any frequency in the audio range. 

Availability of high-frequency systems of these character- 
istics means that well-known advantages of high-frequency 
lighting can be more readily realized. Of these, the most 
significant are that efficiency of fluorescent lamps rises ap- 
preciably as frequency is increased and that at high frequencies 
the bulk, weight, and loses of ballasts can be drastically re- 
duced. For example, at 1500 cycles the efficiency of a 40-watt 
rapid-start fluorescent lamp is 7 percent above its 60-cycle 
value, while ballasts are reduced from a four-pound, 42-cubic 
inch mass having 16 watts loss to a simple device weighing 
about seven ounces, occupying about six cubic inches, and 
having approximately four watts loss. 

Accordingly, for a given level of illumination, a high- 
frequency system requires less power input, heat dissipated 
in the ballasts is reduced, and less overhead space and ceiling 
structure is necessary to house and support the luminaires. A 
promising implication is that changing the geometry of ballasts 
will free luminaire designers from certain mechanical and 
thermal problems that have restricted luminaire design. 

To architects, consulting engineers, and building manage- 
ment, packaged, transistorized high-frequency systems will be 
significant in several ways. Of major importance is the high 
reliability afforded by semiconductor devices and the fact 
that frequency-converter units can be installed very near to 
the lighting load without long high-frequency distribution 
runs. Unlike other types of frequency-conversion equipment, 
a vault to house the equipment is not necessary, thus con- 
serving valuable floor space. Also important is their suit- 
ability for small- or large-scale installation wherever desired, 
in either a new or old structure; their high reliability and 
negligible maintenance requirements; their silent operation; 
and their ability to operate at more than 90 percent efficiency 
over most of their load range. ® 


higher thermal capability for distribution transformers 


* The development history of many products follows a 
similar paitern. Initially, the product is fully qualified for 
the job it is intended to perform. Then it is called on to per- 
form other jobs, or to operate under conditions not originally 
visualized. At some point one or another of the components 
or materials in the product begins to approach its ultimate 
performance. At this point design engineers come up with a 
solution that raises the capabilities of that component— 
perhaps by substituting a new one. Ultimately another com- 
ponent or material becomes the “weak link” and it must be 
improved, and so on. 

Such has happened with the distribution transformer. The 
weakest link in the traditional oil-paper-varnish transformer 
insulation system has been the paper used for layer and high- 
low insulation. A new insulation system, called Insuldur, 
solves this problem. Basically, the new system consists of 
adding a stabilizing compound to the paper to be used for 
insulation between wire layers. 
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Cellulose is sensitive to elevated temperatures, which 
eventually embrittle and weaken it. By adding an organic 
compound, the deterioration of the paper is greatly reduced, 
particularly in the range of temperatures that occur when 
the transformer is handling greater than rated load. Besides 
counteracting the destructive effect of temperature, the or- 
ganic compound reacts chemically with the cellulose fibers to 
make the paper stronger and longer lasting. 

The net effect of this new insulation will be to improve 
transformer performance in one of two possible ways. First 
will be to permit greater overloads and temperatures for 
equivalent service life. Second will be to provide a longer 
life if the same temperature limit is retained. Whichever way 
this extra performance is applied, it will mean a greater factor 
of safety to the utility. 

With this new development by scientists at the Research 
Laboratories, the current ‘‘weak link” has been brought into 
line with the temperature capabilities of oil and enamel. ® 


project hotshot 

« A huge inductance coil (see also back cover) is used to 
supply energy to an electric arc-driven wind tunnel for testing 
large-scale models of missile nose cones. Energy is stored in 
the coil when its field is built up from a d-c source; contacts 
in series with the coil are then opened, drawing an arc in a 
chamber in which air is trapped by means of a diaphragm. 
The diaphragm vaporizes, releasing a blast of hot gas into the 
evacuated tunnel and test section Hence, energy can be 
stored in the inductance coil, and released in the arc. 

The design and construction of this coil is similar to that 
used on a current-limiting reactor, except for a vast difference 
in size. Whereas a normal current-limiting reactor is wound 
with two or three 500 mcm cables, this coil is wound with 
thirty-six 850 mcm copper cables in parallel. The coil is 119 
inches in diameter, as compared to approximately 35 inches 


for a current-limiting reactor. 

This coil, the largest reactor ever built, is a part of Tunnel 
Hotshot II in the Gas Dynamics Facility at the Arnold 
Engineering Development Center near Tullahoma, Tennessee. 
The Air Research and Development Command’s wind tunnel 
center is operated under contract for the United States Air 
Force by ARO, Inc. ® 





Simplified diagram of Hotshot !!: 1—unipolar generator; 2—in- 
ductive storage coil; 3—arc chamber; 4—plastic seal; 5—test 
chamber; 6—vacuum chamber. 
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W. H. OSTERLE and R. B. SQUIRES have had 
long association with electric power system 
load-flow studies. As System Planning Engi- 
neer for the West Penn Power Company, 
Osterle is in daily contact with all phases of 
power system planning. Squires cut his 
“engineering eyeteeth” on system planning 
studies as an operator on the Westinghouse 
network calculator. 

Osterle is a graduate of the University of 
Santa Clara, California, with a BSEE and 
a professional EE degree. After working in 
Dayton, Ohio, in engineering and con- 
struction, he joined the West Penn Power 
Company as Division Engineer at Connells- 
ville, Pa. Later, he was transferred to Pitts- 
burgh headquarters in the General Engi- 
neers’ office doing technical and economic 
studies in many phases of utility operation. 
In 1945, he was made System Planning 
Engineer and has continued in planning 
since. His interest in computers comes from 
making many network calculator studies for 
his system, and his keen interest in loss- 
formula preparation. He is a Fellow in the 
AIEE, member of the System Engineering 
Committee, past Chairman of the System 
Planning Committee of the Pennsylvania 
Electric Association, and a member of the 
National Society of Professional Engineers. 

Squires, a graduate of Purdue University 
with a BSEE, has been almost continuously 
associated with calculators and computers 
since coming with Westinghouse in 1940. 
He started as an operator on the network 
calculator, then as a development engineer 
helping to design new and better equipment 
for calculators. In 1954, he became manager 
of the Technical and Computer Section, and 
in addition to developing calculators and 
computers, worked on switchgear applica- 
tion problems and system studies. 


The helping hand of w. £. PAKALA has 
been extended to many manufacturing 
divisions on questions of radio interference. 
In fact, Pakala has spent much of his time 
on just such problems for the past 28 years. 
His concentration on radio interference 
really began in 1940, when, as a member of 
the Liaison Engineering group, his job was 
to offer advice and assistance to other 
groups in the Company. In 1956, he trans- 
ferred to the Research Laboratories, but his 
primary job remained the same. 

Pakala arrived at this specialty through 
earlier work in electronics. After he joined 
Westinghouse in 1927, fresh from the cam- 
pus of Montana State College, he worked on 
a variety of electronic equipment—ranging 
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from radio and powerline carrier equipment 
to ignitrons. During this time he accumu- 
lated some 25 patents, several covering 
basic improvements of the ignitron tube. 
Pakala has served on numerous com- 
mittees investigating instrumentation and 
test methods, and has worked with many 
organizations — including NEMA, ASA, 
FCC, AIEE, IRE, and the U. S. Navy. 


H. L. PRESCOTT graduated with an EE 
degree from Cornell University in 1935 
and joined Westinghouse in the fall of 
that year. After two months on the Grad- 
uate Student Course he asked for an as- 
signment in development engineering at 
the Transformer Division. His choice was 
well made, for he has spent a full 23 years 
there as a development engineer. 

Prescott has run the gamut in CSP trans- 
former design, contributing to advances in 
control and regulation of the early type, and 
returning to help design the present line of 
the CSP transformers. 

During the war, Prescott took a brief 
vacation from transformer design to work 
on the electric torpedo that was developed 
by Westinghouse for the Navy. 

In 1948, he helped develop the URS auto- 
matic step-voltage regulator, and soon after 
played an important role in developing the 
step-by-step switch control, which he de- 
scribed in the November 1951 issue of the 
ENGINEER. Since then, he has been asso- 
ciated with the design and development of 
the URF and URL distribution-type and 
the URS station-type regulators. His latest 
contribution is the computer study of 
regulator performance described in this 
issue. In 1957, in recognition of the con- 
tributions he is making to regulator and 
tap-changer design, he was advanced to 
Fellow Engineer. 


E. H. BROWNING has spent the majority of 
his time with Westinghouse applying elec- 
trical equipment to the metal-working in- 
dustry. A graduate of Johns Hopkins Uni- 
versity, Browning joined the metal-working 
section of industry engineering shortly after 
coming with the Company in 1942. After a 
two-year interruption for Navy duty, 
Browning returned to the metal-working 
section in 1946. He was made Manager of 
the section in 1953. 

In the AIEE, Browning is likewise asso- 
ciated with the metal industries. He is a 
member of the Mining and Metal Industries 
Committee, and chairman of the Metal 
Industries Subcommittee. 
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J. LEMPERT graduated from Massachu- 
setts Institute of Technology in 1935, and 
joined the Westinghouse Lamp Division a 
vear later in the electronic tube department. 
He earned an MS from Stevens Institute 
9f Technology in 1942. In 1944, Lempert 
was placed in charge of the x-ray tube de 
velopment section. 

When the Electronic Tube Division was 
moved to Elmira in 1952, he assumed the 
additional responsibility for camera tubes, 
including the image orthicon, vidicons, and 
the storage display tube. 

In 1956, Lempert was made manager of 
advanced development for the tube division, 
but has recently returned to the camera 
tube department and is presently respon- 
sible for development and manufacturing 
engineering for storage tubes, image in- 
tensifier tubes, and vidicons. These devices 
he describes in this issue. 


The biography of Dr. PETER A. CASTRUCCIO 
makes as interesting reading as his article 
on space travel. Born in New York City in 
1925, Castruccio traveled extensively with 
his diplomat father to Brazil, Western 
Europe, Turkey, and the U. S. 

He majored in physics at the University 
of Sao Paulo in Brazil and won his doc- 
torate summa com laude in electrical en- 
gineering at the University of Genoa, Italy 
in 1946. He has the distinction of becoming 
the “‘youngest in the country” to hold the 
coveted honor at that time. 

More than two years with British Secret 
Service during the war had added to his 
maturity and stature. At 19, he was per- 
forming intelligence missions behind enemy 
lines in the European Theater. One hair- 
raising and nearly fatal mission was that of 
posing as a German officer to obtain two 
complete sets of plans of enemy fortified 
lines. He was captured twice—once near 
Turin, Italy, where he managed to escape 
but the second time he spent three and a 
half months under constant threat of the 
firing squad before liberation at the end of 
the war. 

He returned to the United States in 1946 
to begin his professional career in military 
electronics, airborne communications, and 
navigational aids. He joined Westinghouse 
as an Advisory Engineer in missile guidance 
engineering in 1955. Dr. Castruccio holds 
several radar patents, with numerous pat- 
ents pending, and is currently engaged in 
advanced planning of interplanetary elec- 
tronic communications and navigational 
aids for space travel. 











